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Th i s  thes i s  




concerns the b i o l ogy of Di abroti ca cri stata 
Ch rysomel i dae )  a smal l re l at i vel y i nconsp i cuous 
beetl e i nhabi t i ng re l i ct prai ri e and grass  l ands  i n  the Great P l a i ns 
Regi on of No rth Ameri ca .  D i abroti ca cri s ta ta has  been c l ass i fi ed 
taxonomi ca 11 y i n  the vi rgi fera group (Smi th and Lawrence , 1967 ) and 
i s ,  there fo re , c l ose l y re l ated to severa l  very i mportant pest s peci es  
i ncl udi ng Di abrot i ca vi rgi fera v i rgi fe ra LeConte , the wes tern corn 
rootwonn (WCR ) ,  D i abrot i ca v i rgi fe ra � Krysan and Smi th , the 
Mexi can corn rootworm (MCR ) and Di abroti ca barberi Smi th  an d Lawrence , 
the northe rn co rn rootworm (NCR ) .  The genus  Di abrot i ca (Ch rysome­
l i dae ) i s  compos ed of th ree groups: fucata , v i rgi fera and s i gn i fe ra 
(Wi l cox , 1972 ) .  The v i rgi fera group not on l y  i ncl udes t he above pests 
as we l l · a s  D .  cri s ta ta, but a l so Di abroti ca l ongi corn i s  (Say ) a 
spec i e s  who se range overl aps Q. ba rberi i n  the Central P l a i n s (Ne b­
ras ka south to Texa s and  Mexi co ) . The l arvae of a l l of  the Di abroti ca 
spec i es are root feeders wh i l e  the adu l ts feed on po l l en ,  s i l ks and 
the fl oral parts of p l an ts .  The WCR and the NCR a re majo r pests of 
corn i n  the Mi dwe st , wherea s D .  cri stata and D .  l ongi corn i s have not 
been identi f i e d  as  corn pe sts . 
Q. cri stata occup i e s  re l i ct p ra i ri e s of the Un i ted  States , 
no rthe rn Mexico east of the Rocky Mountai n s  and Canada (Smith ,  1966) 
(Wi esenborn an d Krysa n ,  1980). Pe ren n i a l  grasses  are characteri st i c 
2 
featu res of re l i ct prai r i es , and the l a rvae are be l i eved to feed on 
the root s of nati ve pe renn i a l  gras ses . Ch i ttenden ( 1902 ) reported 
that a Mr .  Pratt i n  1899 observed D .  cri stata atta c k i ng the bl ossoms 
of l i ma bean s at Trav i l a h ,  Maryl and , whi l e  Ki rk  and  Bal s ba ugh ( 1975 ) 
repo rted the col l ect i on of adul ts of Q. cri s tata from Ci rs i um �· 
thi st l e ( compo s i te ) ; Amorpha canes cens , l ead p l ant ( l egum i nosae ) ;  Rhus  
cori ari a , smooth s umac ( Anacardi acea e ) ;  Psora l ea s p , s curfpea ( l egumi ­
na sae ) a s  we l l  a s  from the ends  of ea rs o f  corn. Dougl as  ( 1929 )  al so 
repo rted the co l lect i on of D.  cri s tata from corn . Many adu l t Di a­
broti ca spec i es s uch as  D .  l ongi corn i s  and the WCR fee d  on and  are 
cl ose l y assoc i ated wi th cucurbi _ts , howeve r ,  adu l t N CR's tend not to 
a s soci ate wi th  cucurbi ts  ( Krysan and Bran son , 1982 ) .  D .  c ri stata i s  
on l y  occas i ona l l y  col l ected  from cucu rbi ts ( J . L .  Krysan , pe rsona l  
conmun i cat i on )  even  though the  NCR and D .  cri s ta ta  ha ve s i mi  1 a r 
behav i o rs , wi th  both spec ies  observed feed i ng on the fl  ewe rs of a 
vari ety .of  p ra i ri e  forbs ( Ludwi g and  Hi l l , 1975 ; B ranson and  Krysan , 
1981 ) . Un l i ke the NCR , .Q_. l ongi corn i s  an d Q. cr i s tata , the adu l t  WCR 
ha s not been  obse rved feedi ng on the fl owe rs of prai r i e forbs . 
I n  the l abo rato ry .Q_. cri stata wi l l  feed and  devel op a s  l a rvae 
when fed upon corn roots ( B ran son and Krysan 1981 ) . Th i s fragment of 
i nformat i on s ugges t  that the NCR and Q. cri s tata may s h a re s i m i l a r 
host  p l ants  under na tura l condi t ion s  i n  the fi e l d .  The fol l owi ng  
obje cti ves we re deve l oped to test thi s hypothes i s .  
1 .  To determi ne the host  p l ants of Q. cr i stata under 
fiel d condi t i ons throug h t he p l acement of eme rgence 
cages o ver different grass  s pec i es .  
2. To determine through the emp l oyment  of  s t i c ky 
traps the p referred rest i ng , feed i ng or mating s i tes  
of adu l t D .  cr i stata in a habi tat of mixed g rasses . 
3 .  To determi ne the l ongevity and ovipo s i ti onal 
preference of  adu l ts in the l aboratory and fie l d 
res pect i ve l y .  
4 .  To inves tigate the response o f  adu l t Q. cr i stata 
to c hemical attractants ( indo l e ,  eugeno l  and e ugeno l  
deri vati ves ) under f i e l d condi t i ons . 
3 
Suc h  s tu di es  wi th Q cristata may revea l underlying ba ses  fo r 
the associa t i o n  of these  spe c i e s  wi th  p l ants and hence provi de c l ues  
to features  which confer pest  s tatus on  spec i e s  of  t he  v i  rg i fera 
group . Such  i nformat i on cou l d be u sefu l  i n  the deve l opment of pest 
management methods  to s uppre s s  popu l ations of an insect that coul d 
evo l ve into a future pes t  of gras ses . 
4 
CHAPTER 2 
REV I EW OF L ITERATURE 
Taxonomy 
The genus Di abroti ca ( Ch rysomel i dea ) be l ongs to the s ubfami l y  
Ga l eruci nae i n  the tri be Lupe ri ni , subtri be Di abrot i c i na , sect i on 
Di abroti c i tes  ( Wi l cox , 1972 ) .  The WCR was des c ri bed by LeConte i n  
1868 and the NCR wa s descri bed by Say i n  1824 a s  Ga 11 e ruca 1 ongi ­
co rn i s .  S i nce Say•s o ri g i na l  s peci mens were l os t , Smi th  and Lawrence 
( 1967 ) des i gna ted a neotype for Q. l ongi comi s .  Smi t h  and Lawrence 
( 1 967 ) a l so · recogni zed two s u bspe c i e s  name l y ,  Q. l ongi corni s l ongi ­
co rn i s of  Say , and a new s ubspec i es , Q. l ongi corni s ba rber i . Ch i ang 
l ater ( 1973 ) repo rted th�t Wh i te i n  1969 had recogni zed an easte rn 
popu l at i on of Q. l ongi co rni s a s  di st inct from Q. l ongi corn i s  l ongi ­
co rni s .  More recent l y , Krysan e t .  a l . ( 1983) s tu d i e d  Di a broti ca from 
two cruc.i a l  geog raph i c  areas : the eastern Great P l a i ns and the mi d­
Atl ant i c and southern states . The i r resu l ts revea l ed that D .  l ongi ­
comi s ba rbe ri and D. l ongi co rni s l ong i corni s rep resented repro­
duct i ve l y  i so l ated taxa . They reported t hat  D .  l ongi comi s barberi 
Smi th  and Lawrence earl i er commonl y referred to as the NCR was a 
synonym of Q. ba rbe ri . Smi th  ( 1967 ) wrote that Say i n  1824 descri bed 
Ga l l eruca atripenni s from mate ri a l  co l l ected by the Long expedi t i on to 
the state of  1 Mi s souri " .  The ori g i na l  type seri e s  was l o st  so  Le Conte 
( 1859 )  p l aced the neotype of the speci es  i n  the genus Di abrot i ca .  
Ga l l eruca atripenni s Say was a primary homonym of Gal l e ruca atri penni s 
5 
Fabri c i us .  The next avai l ab l e name was cri st�ta ( Harri s ) 1837 . 
Harri s ( 183 7 )  descri bed the s pec i es now known· a s  Di abrot i ca cri stata 
a s  fol l ows : "B l ack , tho rax rufous wi th a b l a c k  di s c  and two i mpre ssed 
s pots; e lytra wi th the margi n d i l ated , a l ateral e l evated and an 
abbrevi ated i mpressed  l i ne . Length from 4 . 35 IT1Tl to 4 . 87  nm . .. 
In addi t i on to the devel opment of keys fo r adul t i denti fi ­
cat i on ,  vari ous methods have been deve l oped  to d i st i ngu i s h  between the 
eggs and l a rva l  s tages  of the s peci es  i n  the v i rg i fe ra gro up .  Atyeo 
et. a l . ( 1964 )  i l l ustrated the cha racteri st i c  scu l pturi ng of egg 
chorions fo r the NCR and the WCR .  Rowl ey and Peters ( 1972 ) i n  a 
scanni ng el ectron mi croscopy stu�y of the eggs hel l of four  spec i es of 
Di abroti ca : WCR� N CR ,  Q.. cri stata and Q_. undec i mpunctata howardi 
Barber ( Southe rn corn rootworm: SCR t he l atte r  i n  the fucata group ) , 
found that the eggshe l l of Q_. cri stata resemb l ed that of the NCR mo re 
cl ose 1 y than tho s e  of the othe r two s peci es exami ned .  Mendoza and 
Pete rs ( 1964 ) furni s hed  a key to separate the mature l arvae of these 
spec i e s  whi l e  Gus s  and  Krysan ( 1972 ) empl oyed the techni que of po l y­
acryami de gel  e l ectropho re s i s to characteri ze the e s te rases of egg s  of 
severa l D i ab roti ca s pec i e s . 
B i o l ogy and Di stri b uti on 
The genus  Di a broti ca i s  of neotropi ca l or i g i n  ( We bs ter , 1895 ;  
Smi th , 1966 ) . The  onl y speci es of  Di abrot i ca whi ch overwi nter where· 
freezi ng temperatures routi ne l y  occur are i n  the vi rg i fera 
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group .  The ranges of those spec i es which occur  i n  the Un i ted States 
of  Ame ri can ( U.S . A . ) are l i s ted  i n  Tab l e 1 ada pted from Krysan ( 1982 ) .  
Li fe Cyc l e of NCR  and  WCR 
The NCR  and WCR share a s i mi l ar l i fe cyc l e. Adu l t  beetl es  l ay 
the i r eggs  i n  the soil of  corn fi e l ds  and i n  other fi e l ds where weeds 
and fl ower i ng p l ants are p resent . They depo s i t  eggs during the l ate 
summer and  fa l l .  Most eggs a re l aid i n  the fi rs t 1 5 . 24 em of so i l , 
a l though they a l so have been found to depths of  up to 38 em ( Kantack  
et .  a l . , 1977 ) .  The overwi nte ri ng eggs  hatch  i n  the northern areas of 
the U . S . A . s uc h  a s  in South Da ko�a i n  June , and the l a rvae feed on the 
root sys tem eat i n g  smal l er roots and tunnel i ng i nto the l arger ones . 
Rootworms become fu l l grown duri ng Jul y and pupate i n  ce l l s  i n  the 
so i l . The a du l t beetl es  emerge i n  l ate Ju l y  an d cont i nue to emerge 
unti l ea rl y September. The adu l ts of WCR emerge a l i tt l e  l a ter i n  the 
season  than  do t he northe rn co rn rootwonn adul ts . 
Di apause 
The WCR and the NCR are we 11 known to be un i vo 1 t i ne ( one 
generat i on per year ) , to have an egg diapause , and to overwi nter  in 
the s o i  1. Th us  a donnancy scheme in the egg stage adapts these 
spec i es  for s urvi va l  in the co l d north . The re is some evidence , 
a l thoug h i nd i rect , that D .  cri stata has a 1 ife cycl e s i mi l ar to that 
of the WCR and the NCR .  The s easona l pattern of col l ection of  adu l t 
7 
TABLE 1 
Ranges of Di abrot i ca Spec i es i n  the V i rg i fe ra Group 
Which Occur i n  the Un ited States 
Taxon 
v i rgi fera group 
D .  cri stata 
"[Harris) 
D .  l emn i scata 
LeConte 
D. l ongi co rn i s  
Tongicornis (Say ) 
D .  1 ongi corn is 
ba rberi Smith  and  
Lawrence 
D. v i  rgi fera 
vi -rgi fe ra LeConte 
Q. v i rgi fera � 
Krysan.and  Sm1th 
Range 
Canadian Provi nces  and the 
U . S . ea st of the Rocky 
Mountai n s  south onto the 
p l ateau of Mexico 
Southwe stern U . S .  south to 
Guatemal a 
Neb . , Co l o . ,  and Ari z .  
south to Du rango , Mexico 
Ontario Canada an d Pa . 
west to S .  Da k .  and south 
to Ark . 
Oh i o  and Mont . south 
to Tex . and Duran go , 
Mexi co 
Ok l a .  south to Central  
Ameri ca 
Refe rence 
Smi th  ( 1966 ) 
Smi th (1966 ) 
Smi t h  and 
Lawrence ( 1967 ) 
Smi th  and 
Lawrence ( 1967 ) 
Krysan et . al . 
( 1980 ) 
Krysan et . al . 
( 1980 ) 
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D .  cristata i n  Kansas  ( Greene , 1 970 ) s uggests  t hat this species is 
un i vo l t i ne .  Obse rving that the eggs  of D .  cri stata di d not hatch 
fo l l owi n g  ovi pos i t i on after one month of i ncubat i on at 2 5° C ,  an d that 
the embryo n i c s tage was s i m i l ar to the embryonic s tage of t he WCR and 
the NCR ( i . e . , an undifferenti ated germ band ) , Krysan ( 1982 ) con c l uded 
that D .  cri s tata underwent  d i a pause  i n  the egg stage . 
Effect o f  Chi l l  on Hatch of Eggs 
Krysan ( 1 982 ) ma i ntained the eggs of the WCR , N CR and Q.. 
cri stata at  2 5° C on moist , ster i l e  b l otter paper i n  p l a st i c petri 
di s hes  for 2 weeks . He then c-h i l l ed t hem at 7 � 1 . 5 ° C for a s ix 
wee k  peri o d .  Fo 1 1  owi ng the remova 1 of the eggs  from t his 1 ower 
temperature they were i ncuba ted aga i n at 1 5 , 18  or 2 5° + 1° C. Krys�n 
( 1 982 ) not i ced  that chi l l i n g had no s i gnifi cant e ffect  on the per­
centage of WCR  eggs  that hatched an d the rate of d i a pause deve l opment 
of WCR egg s  was e ssenti a l l y  the same at 15 , 18  and  2 5° C .  Wi th the 
NCR ,  Krysan ( 1 982 ) found that the 1 an ger the chi 1 1 ( up to 4 months ),  
the higher the percentage of  eggs  that ha tched. He a l so not i ced  that 
chi  1 1  enhanced the hatch of e ggs  of Q. cri stata . These effects of 
c hi l l  on ec l osion sugges t that Q. cri s tata i s  more c l o se l y  re l ated to 
the NCR  than it i s  to WCR .  The WCR• s do not have a thenna1 optimum 
for di apause deve l opment  whereas the optima for D .  cri sta ta and  NCR  is 
c l oser to 7° C. 
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Di et and Ovi po s i ti on  
Labo rato ry reari ng methods for the  WCR  were deve l oped i n  the 
1960's to a i d  i n  the understandi ng of the bi o l ogy of th i s pest . 
Hami lton ( 19 72 )  wo rki ng wi th the SCR e stabl i s hed that a d i et of pol l en 
subs ti tute and p l ant t i s s ue to i ncrease egg p roduct i on wa s better  than 
a di et  con s i s t i n g  of  on l y  p l an t  ti s sues . Gus s e t .  al . ( 1976 ) al tered 
a dry di et pre v i o usly formu l ated for the SCR .  Th i s  a l terat i on con ­
s i sted  o f  g ri n d i n g  the food i nto a fi ne powde r then fo rmu l at i ng i t  
i nto a pel l et s u i table for the WCR. The WCR fema l es  fed t he Guss  e t .  
al  (1976 )  a l tered  dry d i et  l a i d  7 1% more eggs  than beetl es  fed on 
fresh  co rn l eaves . Ovi po s i t i o n_ by the WCR was affected not on l y  by 
di et , but a 1 so by ovi  pes i t  i on a 1 s i tes , tempera ture a n d  photoperi ad .  
Gus s  et . a l . ( 1976 )  stud i e d  the  ovi pos i t i ona l  p re fe rence me d i a  of the 
WCR . Th ree s u bstrates p l aced i n  the bottom of petri  d i shes (100 x 15 
nm) con s i ste d  of : ( 1 )  wad of wh.i  te gauze , ( 2 )  wad of  gauze pain ted 
b l ack ,  and ( 3 )  so i l that wa s s i fted through  an 80 me s h s creen . They 
al so e va l uated three protect i ve devi ces for the ov i po s i t i ona l  medi a: 
( a ) fl uted s tee l , ( b ) redwood  st i cks , and ( c ) al umi n um covered 
screen s ,  as we l l  as med i a  wi thout  p rotect i ve coveri n gs . The i r tests 
i nd i cated that adul t WCR p refe rred to ovi pos i t at  cove red med i a  e i ther 
in s o i l or i n  mo i s t wh i te gauze . Ki rk et . a l . (1968 ) tes ted so i l  
aggregate s i ze i n  re l at i on to ov i pos i t i ona l  prefe rence of the  WCR and 
foun d that a s  the so i l  aggregate s i ze i n crea sed , ov i po s i t i ona l  prefer­
en ce a l so i nc reased . They a l so tested the ov i po s i t i on a l  prefe rence of 
the WCR to mo i st and dry s i fted so i l d i s hes  an d foun d that ov i pos i t ion  
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was 9 . 3  times greater in the mo i st soil than i n  the dry .  Mi hm and 
Ch i ang ( 1974 ) noted that the l ongev i ty of fema l e  beet l es  wa s greater 
under l aborato ry cond i t i ons of 10° C than at wanner temperatures at 
15° C. Fema l e WCR reared by Hi l l  ( 1975} had a mean l on ge v i ty of 78.2 
days and a mean fecun dity of 1 , 087 eggs  l aid for a tota l of 13 . 5  
cl utches . After a mean p reovipo sit i ona l  peri od of 12.2 days egg 
l ayi ng commenced at a h i g h l eve l wi th  one of the first of the four egg 
cl utches be i ng the l arges t .  B ran son and Johnson ( 19 73 )  reported a 
mean p reov i po s i tiona l peri od of 14 . 3  days , a mean l onge v i ty of 94 . 8 
days , and a mean fecund i ty of 1 , 023 e ggs . Hooten ( 1979 ) foun d a mean 
l onge v i ty of 6 7  days and 60 . 5  days for WCR fema l e s  that emerged from 
eggs from Be resford and El kton , SO , WCR popu l ati ons re spect i ve l y. 
Economi c I mpact 
Data are unava i l abl e rega rd i ng  the economi c i mportance of Q. 
cri stata; howe ver , conside rabl e i nfonnati on i s  avail a b l e  regard i ng the 
economi c impact of  WCR and the NCR . Appl e ( 1971 ) reduced average 
l arval  popul ati ons  of  the NCR  from 19.1 to 1 . 5 per root mas s  with the 
insect i ci de carbofuran . The y i e l d of corn wa s i ncre a sed  from 100 . 9  to 
116 . 3  bushe l s per  acre . He conc l u ded  that one N CR l a rva per root ma s s  
provoked an  ave rage y i e l d reduct i on o f  0.85 percent . Hil l  and Peters 
( 1971) e sta bl is hed a re l ationship between yiel d l o s s  and root damage 
rating . Wi th a norma l yiel d of 125 bu/acre , there was a reduction of 
-5.8 bu/acre for every adjusted root damage rati ng  unit on a sca l e from 
1-6. Chi ang et . a l . ( 1980) i ndica ted that a corn p l ant  ha s an 
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extens i ve enough root system to susta i n  the rootwonns whi ch re sult 
from a manua l  i nfestat ion of 600 to 1200 e ggs/pl ant , and st i l l  produce 
a near nonnal yi e l d .  Yi e l d was s i gn i fi cantly reduced  onl y  when the 
n umbers of i nsects were· so l arge and the damage to corn roo t  system so 
severe tha t the i nsects themsel ves s uffered h i g h mortal i ty through 
compet i t i on for food . Branson e t .  a l . ( 1980 ) i nves t i gated a un i fonn 
i nfe stat i on with eggs  of the WCR at d i fferent rates  of e gg s  per 30 . 5  
em of  row . They found that the root damage rat i ng wa s a more sens i ­
ti ve mea surement of rootworm damage than verti cal p u l l i ng we i ght , root 
l odgi ng , goosenecki ng , plant stunt ing , or adu l t recovery. They 
reported that root damage rati ngs , unl i ke verti cal  p ulli ng we i ghts , 
were i ndependent of the s i ze of the root system. Experiments have 
i nd i cated a 1 oss  of  10 to 30 percent of yi e 1 d were corn ha s been 
pi cked by hand and we i ghed ( Burkhardt , 1972 ) .. The known pest Dia­
brot i ca ha ve been e st imated to cause some $ 1  b i  11 i on i n  damage per 
year i n  the USA ( Metca l f  and Rhodes i n  Krysan and Branson 1982 ) .  
Sampl i ng Methods 
Populati on measurement i s  e st imated by a bsolute or re l at i ve 
samp l i ng metho ds . 
The absol ute method of popul at ion determi na t i on s amp l es  the 
number of animal s  per uni t . area .  Its measurement i nvolve s counting 
the total number of ani ma l s in a uni t area of habi tat s amp l ed ,  with 
the tota l number of these  units in the who l e habi tat of  the popul ation 
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a l so be i ng dete rmi ned (Sou thwood , 1978} . Ab so l ute methods  of samp l i ng 
accord i ng to Sou thwo od ( op .  c i t . ) are se l dom 1 00 percent effi c i ent but 
a re more rel i a ble than re l ati ve methods . The accuracy of re l a ti ve 
methods  can somet i me s  be corrected i n  va ri ou s  ways to p rovi de more 
re l i ab l e den s i ty est i mates . The b i o l og i cal i n terpretat i on of re l at i ve 
popu l ati on e s t i mates , however, i s  extremely d i ffi cult and the i r s i ze 
i s  i nfl uenced by at l ea st  one of the fo l l owi n g  fi ve factors 
(Southwood , 1978 ) . 
1 .  Changes  in the actual n umbe rs or  populat i on 
change s . 
2 .  Changes i n  the number-s of an i ma l s i n  a part i cu l ar  
1 pha se11 where p ha se i s  defi ned a s  an i n sect age such 
as  the p re o r  post  reproduct i ve age . 
3 .  Changes i n  act i v i ty (di urnal  or  nocturna l ) .  
4 .  Changes  i n  the eff i c i ency o f  a trap o r  the s ea rch­
i -ng  method . 
5 .  The res pon s i veness  of a pa rticu l ar sex and s peci e s  
t o  a tra p  s t i mul us . 
Traps can be categori zed i nto those  tha t catch i n sects at 
random and t ho se that attract them in some way .  B roadbent ( Southwood , 
1978 ) stated tha t the cyl inde r st i cky trap was a goo d  de sign , �ampl i ng 
at  random from the pa ss i ng a i r. Th i s  trap  con sis ted of a pi ece of 
p l asti c mate ri a l  wh i ch co vered  a l ength of stove pipe . They found 
that p l a stic mater i a l s ye l l ow i n  co l or caught  mo re a phi d s  than white 
models , and wh i te wa s a better co l or than b l ack .  
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Gus s  et . a l . ( 1983 ) constructed pheromone traps  from bl ank 
fl at ( p l ast i c coated ) mi l k  cartons . When dep l oyed the traps formed 
the shape of  a verti ca l l y  o ri en ted tri angl e . Tang l e  T rap® ( Tang l efoot 
Company , Grand Rapi ds , Mi chi gan ) was u sed to coat the i nner  s urface of 
ca rdboa rd bl anks tha t  we re taken to the fi e l d an d unfol ded .  
Howe and Shaw ( 1972 ) empl oyed two sampl i ng methods for corn 
rootwonn egg sampl i ng con s i st i ng o f  a go l f course cup  cutte r and a 
bul b sette r .  ·Ch i ang  ( 1973 )  d i s cu s sed earl i e r  methods  used to samp l e 
a 11 of the 1 i fe s ta ge s  of the corn rootworm. Foster e t .  a 1. ( 1979)  
studi ed  the  s pati a l  di s tr i buti on of the eggs of the  NCR .  They found 
that 85 percent  of the eggs  i n  �he upper 20 em of so i l samp l ed  were 
concentrated i n  the top 10  em. The base  of corn p l an ts  and c racks  i n  
the so i l  we re p refe rred ov i po s i t i on s i te s. They concl uded that a 
samp l i ng p rogram shou l d i ncl ude sampl e s  at the p l ant  base  and  between 
rows to a depth of 10 em . Of fi ve re l at i ve samp l i ng methods e val uated 
wi th regard to vari abi l i ty and  t ime , three  of  them we re stati sti cal l y  
rel iab l e ( Fo ste r e t .  a l . ,  1979 ) . The normal co re method  wh i ch emp l oy­
ed a 5 . 4  em d i amete r  co re sampl er  was the most  e ff i c i en t  wi th  regard 
to t ime , b ut  a n ewl y deve l oped 11frame method .. wa s reconmended a s· the 
mo st accurate . Bergman et . al . (1981 ) studi ed  l a rval  s ampl i ng of the 
corn rootwonns .  He i n  and To l l efson ( 1984 )  s howed egg  and  l arval 
samp l i ng to be h i gh l y vari ab l e an d costl y. 
The p l ant count method has  a l so been i nt roduced , an d sampl i ng 
p l an s have been p roposed for i ts use i n  adu l t co rn rootwo nn samp l i ng 
A Q Q?,..· � • v L.. i.. v 
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( Lovett , 1975 ) . The ear  z one coun t , a s ubsamp l e of the  p l an t coun t 
was reconmen ded  for use  i n  adu 1 t contra 1 samp 1 i n g  accord i ng  to the 
Un i on Ca rb i de Co rpo rati on ( He i n and Tol l efson , 1984 ) . Samp l i ng p lan s 
fo r p l an t  coun t s , ear  counts , an d cyl i n dri ca l s t i c ky t raps were 
deve l o ped  by S te ffey et . a l. ( 1982 ) . They found  that p l ant  coun ts 
prov i ded the mos t  p rec i se e st i ma te of  beet l e po pu l at i on s at  the l east 
cost . Fo ste r et.  a l . ( 1982 ) devel oped a sequent i a l  samp l i ng p l an for 
t he p l ant co un t . I n  f i el ds whe re the adu l t co rn roo two rm popu l a t i on 
i s  be l ow the e conomi c thres ho l d ,  s amp l i ng mus t  be  re peated unti l the 
populati on exceeds the thres ho l d or decl i ne s . He i n  an d To l l e fson 
( 1984 ) compa re d  e i ght  rel a t i ve trapp i ng methods fo r the i r a b i l i ty to 
samp l e pop u la t i o n s  of adu l t NCR an d WCR .  Two of the t rapp i n g tech­
n i q ue s , the un ba i ted Phe rocon® AM 1c t rap ( Zoecon Co rp . , Phercon 
Supply Servi ce , 975  Ca l i fo rn i a  Aven ue , Pa l o Al to , CA ) and  the ea r 
l eve l , cyli n dri ca l s t i c ky trap we re found to have the best adu l t co rn 
rootwo rm . s ampl i n g  characte ri s t i c s . 
Stud i es on the fli ght  and d i stri but i on o f  t he W C R  by Wi tkows ki  
et . a l . ( 1975 ) s howed . tha t ma l es and  femal es  were act i ve at  the same 
t ime o f  day a t  a hei ght  be l ow 1 . 84 m .  Traps  p laced  i n  co m fi e l d 
showed the WCR  fl i ght  he i g hts to be as  fol lows : 
59 percent o f  beet l e s we re ta ken at he i gh t s  of 0 . 31- 0 . 62 m ,  
3 2  pe rcent of  beet l es  were ta ken at  he i ghts  of  0 .92 - 1 . 22  m ,  
9 percent of  bee tl es were ta ken a t  hei ghts of  1 .54- 1 . 84 m. 
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Howe et .  a l . ( 1963)  p l a ced ve rt i ca l  poles  cove red wi th  adhe­
s i ve i nto corn fi e l ds at  he i g ht s  above the groun d of  0 . 92 m, 1 . 84 m ,  
2 . 76 m and 3 . 68 m .  They foun d tha t  most  NCR were caug h t  a t  he i ghts  
be  1 ow 1 .  84 m .  
Ba rtel t and  Ch i ang ( 1977 )  i ndi ca ted that  tra p s  p l a ced  at  0 . 3 m 
and 0 . 9 m hei g hts abo ve the groun d were mos t  e ffect i ve .  Traps  p l a ced 
at 2 m  ( tasse l  hei g ht )  a ttra cted very few beet l es . Wi t kows k i  et . a l . 
( 1975 )  determ i ne d  that 9 1  percen t  of the WCR beetle s  we re captured  on 
non-ba i ted verti ca l ye l low s t i cky traps  below 1 . 2 m.  Thi s i nd i cated 
that mos t  of the beetle a ct i v i ty occurred bel ow the canopy he i gh t  i n  
corn fi e l ds . 
Ladd e t .  a l . ( 1984) s howed t ha t  the mos t  e ffect i ve combi nati on 
of hei ght  and co l o r for trapp i ng N CR outs i de a corn fi e l d wa s a ye llow 
ba i ted trap i n  a zone 0 to 0 . 2 5 m a bove the groun d .  
Control 
Ea rl y contro l  measure s  recommended  fo r corn roo two nns con ­
s i sted of  c rop rota t i �n ,  fa ll t i ll age , a l terat i on of p lan t i n g  date 
( ea rly or la te ) and the u se of re s i stant hybri ds  ( Tate and Bare , 
1946 ) . 
Crop rota t i on has  l o ng  been a s s umed to i n terrupt the 1 i fe 
cyc l e of  the co rn rootwo rm . H i l l  et . a l . ( 1948) re po rted that crop . 
rotati on e ffect i ve ly con t ro l l ed the NCR and the WCR i n  Neb ra s ka .  The 
s tudi e s  of B ran s on and Ortman ( 196 7 ,  1970 , 1 97 1 )  on the host  range of  
l a rvae o f  t he WCR and  the  NCR res pect i ve l y ,  wh i ch showed that the 
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s pec i e s  we re a bl e to comp l ete thei r l i fe cyc l e on 13 of  thei r 18 
potent i a l  hosts , ·i ndi cate care s hou l d  be ta ken i n  the se l ecti on of 
crops  i n  the rotat i on . La rv ae were fo un d i n  corn roots  i n  the fi e 1 ds 
that h ad co rn - soybe an -corn rotati on ( Gou l d ,  197 1 ) .  A cro p  rotat i on 
fai l u re to con t ro l  N CR was noted by B i gger ( 1932 ) .  Th i s  wa s a three 
yea r  rot at i on ser i e s  that had two ye ars of co rn an d one year o f  
o at- sweet cl over mi xtu re . H i s res u l ts  i nd i cated t h a t  more t han one 
yea r of some othe r crop s hou l d be i nterposed between the succes s i ve 
co rn cro ps for rootworm contro l . 
The use o f  chemi c al s i n  rootwo rm  con tro l  was fi rst  e s tab l i shed 
by H i l l  et . al . i n  Neb rask a  ( 1948 ) u s i ng  the ch l o r i n ated hydroca rbon 
i n secti c i de s . These compo unds we re very effe cti ve i n  roo two rm  con tro l 
unt i l 1959 when re s i s tance wa s noted i n  we stern corn roo two rm popu l a ­
t i on ( Ba l l and Wee kman , 1962 ) .  E ventua l l y ,  re s i stan t popu l a t i on s  we re 
repo rted i n  Sou th D akota i n  1 962  ( Howe e t .  al . ,  1963 ) and they ha ve 
al so appea red  i n  s u rround i ng s tates . By 1962 , d i az i non  and pho rate 
( o rgano -phosphate compounds ) were recommen de d  as re p l a cement  chemi cal s 
fo r ch l o r i nated  hydroca rbon ( B al l , 1973 ) . The cu .rrent rate and use  of 
carbamates and o rgano pho sph ate compounds h as provi ded effecti ve co rn 
rootwo rm cont ro l . 
Recent l y the deve l opmen t  of pest management  s trateg i es has 
res u l ted in  an i n crea sed effo rt to opt i mi ze s amp l i n g me thods for 
rootwo rms . These  studi es i nvo l ve the use of st i c ky trap s  ba i ted wi t h  
p l ant  de ri vati ve 1 ures o r  attractan ts t o  mon i to r  co rn roo two nn popu­
la ti ons to  enab l e g rowe rs to  a rri ve at a mo re re l i ab l e pest  man agemen t 
deci s i on .  
CHAPTER 3 
DIABROTICA CRI STATA : HOST PLANTS AND OV I POS I T I ONAL HAB ITS 
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The host - p l ant  relat i on sh i ps o f  the Ch rysome l i dae i n  the tri be 
Luper i n i  a re cruc i a l  fea tures  wh i ch a re d i ffi cu l t  to s tu dy ,  compared  
wi th most  othe r c h rysome l i ds ,  because the i r l arvae feed underg round 
( Wi l cox , 1972 ) .  Also t he l a rv ae and adu l ts do not n eces sa ri l y  feed on 
the same o r  rel a ted p l an t s pec i es . The re lat ionsh i ps between Q_. 
c ri s tata and i ts hosts have been on l y  s uperf i c i a l l y  pursue d .  There 
a re some re po rts , however , regard i ng  the p resence o f  the adu l ts amon g 
gras ses on the rel i ct pra i ri es .- I n  the U . S . A . i t  i s  known to be 
a s soc i ated  wi t h  perenn i a l grasses ( Smi th , 1 966 ) .  I t  has  a l so been 
shown that the adults p resent on fl owers fed on po l l en (J . L . Krysan , 
pe rsona l  commun i c ati on ) . A survey fo r Q.. cr i sta ta a du l ts on re li ct 
prai ri es of Ea stern Sou th Da kota and Sou thwestern Mi nnesota has 
re veal ed .i ts p resence on s i x fami l i es of p l ants  ( Wi esenborn and 
Krysan , 1980 ) .  Th i s  s urvey s howed  that Q.. cri  s ta ta frequented mo st , 
but not a l l ,  o f  the p l �n ts that were i n  f l ower .  Ve ry l i tt l e ,  howeve r ,  
i s  kno wn  a bo u t  the host p l ants  fed u p on by the l a rvae of  Q. cri s tata . 
The p u rpose of th i s study wa s to i nve s ti g ate the re l at i onsh i ps 
between D .  c r i s tat a  an d i ts habi t at .  Thi s i s  e s pec i a l l y  pert i nent i n  
l i g ht of re cent b i ochemi cal  sys temati c s tud i e s  wh i ch s how tha t D .  
cri stata  and the NCR  pest  are as  c l ose l y  re l ated as are s ubs peci es an d 
s i b l i ng spe c i e s i n  some i nsect group s  (J . L . Krysan , pe rson al 
co rrmun i cati on ) . 
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THE STUDY AREA 
Th i s study ut i  1 i zed 1 and owne d by the Sou t h  Dakota State 
Un i ve rs i ty Expe ri ment  Sta t i on l oca ted  0 . 8 km north of t he ma i n  campus  
i n  no rthern Broo ki n gs County , South Da kota . I n  contra s t  wi th nat i ve 
prai ri e ,  wh i ch i s  compri s ed o f  perenn i a l grasses · an d d i ve rse  fo rbs , 
the study a rea wa s compo sed o f  grass  monocu l t u res  con s i st i n g  of : (a ) 
An dropogon gera rdi v i tman ( b i g  b lues tem ) ; ( b ) Pan i cum v i rga tum L. 
( swi tch grass ) ,  and  ( c )  B romu s i ne nni s Leys s ( b rome gra s s ) .  The b i g 
blues tem con s i s ted o f  a rectan gu l a r p l ot  ( ca 23  x 1 6  m )  and  t he p lants 
were a rran ged i n  44 rows at  i n terva 1 s of 0 .  5 m .  Med i  cago sat i va L. 
( a lfa l fa )  wa s p l anted on t he n {)rth s i de .  The swi tc h  gra ss p l ot 
adjacent to the b i g b l ues tem was also rectan g u la r  ( ca 20  x 1 0  m )  an d 
the p l ants we re a rranged i n  40 rows at  i nterva l s o f  0 . 5 m .  Each p l ant  
co ns i s te d  of  a square of s od o f  0 . 6  m .  The brome grass  p l ot was  150  m 
southeast  of  the a bo ve two p 1 ots . I t  was a squa re ( ca 82 x 82 m) , 
su rrounded  by a fence , and the p lan ts  we re not a rran ged i n  rows . The 
bi g b l ues tem and  the swi tch  grass  hei ghts we re ca 0 . 6 - 1 . 32 m du ri ng 
the study and can rea Gh hei ghts of 1 . 82 m, wh i l e the b rome grass whe n  
a llowed t o  grow t o  matur i ty hard ly  reaches 0 . 6  m i n  he i g h t . 
MATERIALS AND METHODS 
The fi e l d a spects of th i s  study wa s con du cted from June 
through  Septembe r i n  1 983 and 1984. The data were ana l yzed by the 
a na l ys i s of  vari a nce ( ANOVA) and the mean s we re sepa rated by the 
Wa ll er Duncan K rat i o  t test . 
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Des cri pti on and P l acemen t  of Emergence Cages 
De s c ri pti on .  The cages were pyrami dal i n  s hape  ( F i gu re 1 ) .  
The tri an g u l a r  faces were ( 1.1 9 m x 0 . 86 m x 0 . 86 m ) an d con stru cted 
of  1 rrm mesh p l ast i c s c reen . The bottom was p rovide d wi th  a fl ap  of  
p l ast i c wh i ch had  a b ras .s grommet at  each co rner . Pegs were i n serted 
t h rough the grommets  to secure the fl ap  i n  the so i l . Two 76 em z i pper 
o pen i ng s  permi tte d acces s to the cage . 
P l acemen t .  I n  Ju l y  o f  both 1983. an d 1984 season s , pheromone 
t raps ( Gus s et . a l . ,  1983 ) were used  to dete rmi ne the t i me o f  beet l e  
eme rgen ce . When beet l e eme rgence was f i rst detecte d by the st i cky 
traps , eme rgen ce cages we re p l aced ran doml y o ve r  t he t h ree di ffe rent 
s pec i es of g rasses
·. Fou r  cage s were p l ace d on eac h g ra s s  s pe c i es . To 
p l a c e  the emergence  ca ge s a trench was dug i n  the so i l  to a de pth of 
12 . 7  em and the fl a p  of the cage buri ed there i n .  The ta l l e s t  b l ades 
of  g rass  we re cu t s ho rter to penni t a rea dy captu re of t he eme rged 
a du l ts through the use of  an  a s p i rator .  The  cage s were exami ned da i l y 
from J u l y  to Septembe r and  a l l  emerge d beet l es were remo ved sexed an d 
counted . 
De s cri pt i on and  P l acement of  Sticky Trap s 
The s t i c ky traps were ma de from mo di fi ed ha l f ga l l on mi l k  
ca rtons ( Gus s et . a l . ,  1983 ) .  The top an d bottom ends  of  the ca rton s 
we re removed an d the box cut  a 1 ong one edge ( Fi gure 2 ) . Ho 1 es we re 
punched on the upper and l owe r edges . The s ide s whi ch  had been cut  
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Fi gure 1. Eme.rgence cage. 
fi gure 2 .  Hal f gal l on mi l k  carton t rap desi gn . 
2 1  
22 
were ove rl apped and bound together w i th wi re ti es  to produce a three­
s i ded s tructure , · open a t  the top and bottom. The outer faces of the 
trap were coated wi th Tang l e-Tra� i n  the l aboratory and the cardboard 
bl ock was taken to the fi e l d and unfo l ded expo s i ng the s t i cky surface . 
Tang l e Trap® i s  a commerci al l y  avai l ab l e st i c ky materi a l  that reta i ns 
beetl es  o r  any o ther i nsects o r  sma l l ani mals wh i ch contact i t . Traps 
were p l aced on verti cal  wooden s takes  that cons i sted of  a hori zonta l 
cross  p i ece na i l ed 20 em down from the top . 
Trap Hei gh t  
Duri ng Ju ly  o f  1983 _one cou l d s ee that the p l ot wh i ch 
conta i ned  b i g b l uestem grass had many adul t D .  cri s ta ta . As a resu l t 
of  these o bse rvati ons , the he i ght of  the b i g b l uestem grass  was 
measured wee k l y ,  from Jul y to September 1983 , and three di fferent 
experi ments were conducted to dete rmi ne wh i ch trap hei ght had the 
grea tes t  beetl e count . 
In  a p re l imi nary experi ment , Ju l y  20-August  3 ,  the fol l owi ng 
trap he i ghts  were tested i n  four b l ocks . Traps  at he i ghts of  0 . 45 m, 
0 . 60 m and 0 . 91 m were pl aced on a l i ne transect 2 . 5  m from the edge 
of a b i g  b l ue s tem p l ot . Traps were s paced 5 m apart and a 7 m space 
exi sted between bl ocks . Duri ng the fi rst experi ment the he i ght of the 
grass  was 0 . 71  m-0 . 95 m .  The second experi ment conducted from August 
5-August 1 7  was condu cted by us i ng the same des i gn a s  above . Trap 
he i ghts were 0 . 60 m ,  0 . 9 1 m and 1 . 06 m .  At that ti me the gra ss  he i ght 
ranged from 0 . 96  m-1 . 21 m .  In the fi nal  experi ment conducted from 
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August  19 -Septembe r 2 7  when grass hei ght  ran ged from 1 . 2 7- 1 . 5 7  m the 
0 . 60 m t rap  was rep l a ced by one at 1 . 52 m.  S ti c ky traps  were used i n  
a l l expe r i me nts . The beetl es we re coun ted da i l y .  Beet l es we re 
remo ved from the t raps wi th  a s pa tu l a  and  i n sects i mme rsed i n  hexane 
to remove the Tang l e Trap® adhes i ve befo re s ex determ i n at i on . and 
coun t i n g . 
Ha bi tat o f  Adu l t D .  cr i s ta ta 
Da ta fo r trap he i g hts  i n  1983 and  i n  1984 i nd i cated that most  
of  the  beet l es we re captured at the  he i gh t  o f  t he g rass  cano py .  N i ne 
st i c ky tra ps p l aced i n  1983 and n i ne st i cky tra ps i n  1984 at 0 . 45 m 
he i ght i n  a b rome grass  p l ot an d at 0 . 9 1 m he i ght  i n  a b i g bl ue s tem 
and swi tch  grass  p l ot we re p l aced ran doml y 7 m a pa rt and  at  2 . 5  m from 
the edge . Trap he i g hts  we re adj usted accord i ng  to the growth of the 
grass  spec i e s . The b i g b l ues tem p l ot used fo r t h i s study wa s not the 
same as t he p l ot  u se d  for compa ri son of ca tch  ve rs us  trap he i ght . The 
trap s i n  the expe r iment  we re checked twi ce per  wee k  an d the n umbers of 
beet l es per  tra p  coun t �d and recorded . The Tan g l e Tra p® adhe s i ve wa s 
repl aced wee k l y or  as  neede d .  
Egg Layi ng S i te 
I n  Septembe r 1983 after beetl e acti v i ty ha d en ded  accord i ng to 
detecti on  by s t i cky traps , three so i l  samp l e s were ta ken from each of 
ten randoml y se l ected p l ants i n  the p l ots  of both  b i g  b l ue stem and 
swi tch gra ss . The a bsence of  rows among t he b rome g rass  re qu i red that 
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the thi rty so i l  samp l es be taken randoml y .  Ten so i l  samp l e s were 
ran doml y ta ken from the p l ots of the three grass  s pec i e s  i n  May 1984 
be fo re the eggs  ha d hatche d .  The bul b set ter  me thod  used i n  I l l i no i s  
( Howe and  Shaw , 1972 ) was emp l oyed to ta ke samp l es i n  th i s study and 
i nc l uded a l l so i l from t he surface down to a depth of 1 5 . 24  em . Each 
samp l e wa s p l aced  i nto a p l ast i c bag , l a be l ed an d t i ed wi th  a twi st . 
These s amp l es we re taken to the l abo rato ry whe .re each  s amp l e  was 
wa s hed by a me chan i ca l  appa ratus ( Shaw e t .  a l . ,  1 9 76 ) to  e xtract the 
eggs . The extracte d  eggs  per so i  1 samp 1 e were coun ted and then 
i denti fi ed to s pec i e s  based  on the s t ructure of t he cho ri on ( Rowl ey 
and Peters , 19 72 ) .  
Detenni nat i o n  of Ov ipo s i t i ona l Preferen ce and  Co l l e ct i on of  Eggs i n  
the La bo ratory 
Adu l ts of Q. cr i sta ta we re co l l ected from t he g ra s s  fi e l ds i n  
August 1983 ( when the n umbe rs of fema l e s  caught  on the s t i cky tra ps 
was greatest ) to o bta i n a l a rge number of  eggs . The beet l es  we re 
co 11 ecte d  by b rush i n g.  them i n to a funne 1 fa stened to a one ga 1 1  on 
p l ast i c  conta i ne r  wh i ch had sma l l ven ti l at i on hol es  an d a l i d at the 
to p .  
O n  Augu st 2 ,  1983 , fi fty fi e l d-col l ecte d beet l es  we re p l aced 
i n  each of t h ree cages , each cage be i n g a cube 30 . 48 em on one s i de .  
Th ree di ffe ren t  o v i po s i t i ona l me di a were a l so p l a ce d  i n  each cage as  
fo l l ows : ( a )  p i n k  gauze c rumpl ed to prov i de art i f i c i a l  c revi ces ;  ( b )  
so i l  s i fte d throug h a n  8 0  me sh scree n, and ( c )  l umpy so i l , i . e . , so i l  
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that pa ssed through  a 1 . 27 em mes h  screen but  was  re ta i n ed by  a 0 . 6 3 
em mes h  s creen . A l l medi a  were water dampened an d p l a ced i n  15  x 100 
mm petri d i s hes ( B ranson e t .  a l . ,  1975 ) . The ca ge s we re ma i n ta i ned i n  
a chambe r a t  2 0 -2 1° C,  and 7 0  percen t re l at i ve h um i di ty .  Beet l es were 
fed fre s h  l ettuce and zucch i n i  squa sh dai l y  as wel l as a mi xture of 
a rt i fi c i a l  d i et ( Guss · e t .  a l . ,  1976) . On ce wee k l y  the ov i pos i t i ona l  
med i a  we re changed , t he  eggs  wa shed the refrom an d t he n umbers of egg s  
pe r di s h  recorded . 
Longev i ty o f  D .  cr i sta ta i n  the Laboratory 
Ten f i e l d col l ected femal e  beet l es of un known age were caged 
on J u l y 2 5 , 1 98 3  wi t h  10 rna 1 e D. cri s ta ta i n  5 x 10 em di ameter 
p l a st i c cage s an d he l d at  2 0 -2 1° C an d a p hotopha se of 12  hou rs l i ght ,  
1 2  hou rs da rk . Beet l es  we re fed a s  p revi ou s l y  de scr i bed .  S i x cages 
we re used fo r the e xper i ment and cage s we re checked da i 1 y and the 
n umbe rs of dead  beet l es  reco rded for each  sex . 
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RESULTS 
Emergence Cage s 
Adu l t D .  cr i s tata were found on l y  i n  cage s p l aced ove r  b i g 
b l ues tem gra s se s  duri n g  t he two yea rs of o bserv at i on i n  th i s study . 
Ta b l e 2 s umma r i zes the eme rgen ce pattern . No D .  c ri s ta ta we re 
captured i n  the cages p l aced ove r  swi tch grass  o r  b rome g ra s s . 
I n  both 1983 and 1984 the eme rgen ce of adu l t  D .  cr i stata i n  
ea rl y J u l y ,  was earl i e r  than e i t he r  t he NCR o r  t he WCR t hat eme rged i n  
l ate J u l y .  
Trap He i ghts 
Fi rst Exper i ment . Th i s expe riment too k  p l ace from Ju l y  20-
August  1 ,  when g rass  hei ght wa s 0 . 7 1-0 . 96 m.  The an a l ys i s  of  vari ance 
revea l ed that the date s of  coun ti ng we re h i gh l y  s i gn i fi can t ( P  � 
0 . 0 1 ) . The o ve ra l l mean beetl e coun ts on st i cky t raps  we re 7 . 5 ,  15 . 3 ,  
-
18.7 , 2 1 �6 ,  3 1 . 0 ,  66 . 0  and  7 7 . 0 for the 7 days - J u l y  2 0 , 2 2 , 24 , 2 6 , 
28 , 30 and  Aug ust  1 ,  re spect i ve l y. The a verage i n d i v i du a l  col l ect i on 
dates di ffe red ( Wa l l e r- Dun can , P � 0 . 05 )  a s  i nd i ca ted i n  Ta b l e  3 .  
The mean coun ts o f  adu l t .Q_. cri stata capture d  at  d i ffe ren t  
trap he i ghts from a b i g b l uestem grass  p l ot  ( i . e . , among  he i g ht ) we re 
2 . 8 , 47 . 0  and  5 2 . 0  fo r 0 . 45 m ,  0 . 60 m an d 0 . 9 1 m ,  he i ghts 
re spect i ve l y .  The se va l ues we re hi gh l y  s i gn i fi cant  ( P  � 0 . 0 1 ) . The 
trap he i ght by date i n tera ct i on wa s a l so h i g h l y s i gn i f i c an t  ( P  � 0 . 0 1 )  
( Ta b l e 4 ) . 
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TABL E 2 
Pe ri od  of · Erne rgence of Adu l t Di abroti c a  cr i s t at a  from Bi g 
Bl uestem Gras s  P l ots near Broo k 1 ngs , So u th D akota  
Total 
Numbe r Number Beetl es Me an 
Yea r Date of Cage s of Days Eme rged Beetl e s / d ay Ran ge 
1983 7/ 18-7/ 23  1 6 5 0 . 83 0- 3 
7/ 18-7/23  2 6 5 2  8 . 6 6  6- 2 1  
7/ 18- 7/ 2 3  3 6 9 1 . 50 0-9  
7/ 18-7/30 4 1 3  0 0 0-0 
1984 7/ 12 - 7/ 18 1 7 _ 18 2 . 5 7 0-5  
7/ 1 2 - 7/30  2 1 9  2 5  1 . 3 1 0-6  
7/ 2 3 - 7/29  3 7 2 6  3 . 7 1  0- 17  
7/ 28- 7/ 30 4 3 9 3 . 00 0 -7  
TABLE 3 
Mean Catches o f  Adult Di abrot i ca cri s ta ta on St i c ky Traps at  
Va ri ous  Dates from July 20 to August  1,  1983 i n  a Bi g B luestem 
Grass  Pl ot  near Broo ki n gs 
Dates o f  Wa ller- Duncan 
Collecti on Counts p � 0 . 05 
Ju ly 20 15 . 3  be  
22  17 . 9  a 
24 66 . 0  a 
26 31 . 0 b 
28 18. 0 be 
30 2 1 . 0 be 
August 1 7 . 5 c 
28 
Means  followed by t he s ame letter were not s i gn i f i cantly d i fferent at  
the 0 . 05 leve l of  p roba b i li ty ( Wa ller- Duncan ) .  
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TABL E 4 
Mean Catches of  Adu l t Di abrot i ca c ri stata on St i c ky Traps  at Di ffe re nt 
He i g ht s  on Da te by He i ght  I nte ract 1 on du ri ng  J u ly 20  - Aug u s t  1 ,  1983 , 
i n  a B i g B l ue stem Grass  P l ot near B roo ki n gs , South  Da kota 
Da tes of  He igh t  i n  m 
Co l lecti on 0 . 45 0 . 60 0 . 9 1  
J u l y 20  1 . 5  2 1 . 0 2 3 . 5  
2 2  4 . 7 129 . 0  100 . 0  
24  0 . 7 88 . 0 109 . 0  
26  1 . 2  3 7 . 0 54 . 0  
28 1 . 2 2 1 . 0 34 . 0 
30 0 3 1 . 0 34 . 0  
August  1 10 . 5  2 . 0 1 0 . 0 
Means 2 . 8b 4 7 . 0a 52 . 0a 
Mean s fo l l owed by the same l etter  were not s i gn i fi can t l y  d i ffe rent 
( Wa l l er-Du ncan 0 . 05 probabi  1 i ty ) . Mi n i mum s i gn i fi can t d i ffe rence 
( MS D )  = 2 8 .  7 6 . 
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S i gn i f i can t l y  g reater  beet l e counts we re fo un d on  traps p l aced 
at  0 . 60 m and 0 . 9 1 m above the g round than on t rap s p l a ced  at  0 . 45 m 
above the g ro un d .  Al though  there was no  s i gn i fi cant di ffe rence 
between the numbe rs  o f  beet l es  captured on st i c ky traps  a t  0 . 60 m and 
0 . 9 1 m above the ground the n umbers ca ptured  at  0 . 9 1 m wa s s l i g ht l y  
g reater  ( 4 7 . 07  an d 5 2 . 1 7 respect i ve l y ) . The trap he i g hts o f  0 . 60 m 
and 0 . 9 1 m were used fo r the secon d expe ri men t con ducted between 
August 5 -August  17 , and the trap he i ghts of 0 . 45 m we re rep l a ced by a 
t rap he i ght  o f  1 . 06 m .  
Secon d  Exper i ment . The ana l ys i s of  va r i ance revea l ed that the 
da te s of coun t i n g  we re h i g h l y  ·s i gn i fi cant ( P  � 0 . 0 1 ) .  The overa l l 
mean adul t D .  cri stata coun t on s t i c ky traps  we re 10 . 5 ,  6 . 0 ,  4 . 1 ,  4 . 0 ,  
3 . 5 ,  and 2 . 6  on Augu s t  1 0 , 8 ,  5 ,  15 , 12 , and 1 7 th , re s pect i ve l y .  The 
bi g b l ue stem g ra ss he i g ht wa s 0 . 96 m- 1 . 2 1  m .  Mean ca tches on August  
10 we re s i gn i f i cant l y  d i ffe rent from the me an ca tches on  any  of  the 
othe r days ( Ta bl e 5a ) .  
The mean counts of  adu l t  Q. cri stata ca ptured at  d i ffe rent 
trap hei ghts from a b i g b l uestem grass  p l ot we re 1 . 0 ,  6 . 3 an d 8 . 0 fo r 
0 .  60 m ,  0 .  9 1  m and 1 .  06 m he i ghts re spect i ve l y .  The mean coun ts on 
the st i cky traps at 0 .  91 m and 1 .  06 m a bove the g roun d  were not 
s i gn i f i cant l y d i ffe rent from each other ( Wa l l e r- Dun can , P � 0 .  05 ) 
( Tab l e 5 b ) . They we re d i fferent from the mean  co un t on the st i cky 
traps  at 0 . 60 m a bove the ground . The trap he i g ht  by date i n teracti on 
wa s not s i gn i f i can t .  
TABLE Sa  
Mean Catches of  Adu l t Di abroti ca cri stata on Sti cky Traps at 
Vari ous  Dates from August  5 - 17, 1983 , i n  B i g 
B l ue�tem Grass  P l ot near B rooki ngs , South Dakota 
Dates o f  Wa l l er-Duncan 
Co l l ecti on Counts p � 0 . 05 
August 5 4 . 1 b 
8 6 . 0  b 
10  10 . 5  a 
1 2  3 . 5  b 
1 5  4 . 0 b 
17  2 . 6  b 
3 1  
Means fol l owed by the s ame l etter were not s i gn i fi cant ly  di fferent  a t  
the 0 . 05 l evel of probab i l i ty { Wal l er-Duncan ) .  
TABLE S b  
Mean Catches of Adu l t D .  cri s tata o n  Sti c ky Traps at 
Di fferent He i ghts from Augus t  5 - August 1 7 ,  1983 , 
i n  a B i g B l uestem Grass  P l ot at  Brooki ngs , Sou th Dakota 
Mean are Ba sed on 3 Rep l i cati on s . 
Trap He i ght D.  cri sta ta 
0 . 60 m 1 . o8b 
0 . 91 m 6 . 37a 
1 . 06 m 8 . 04a 
Means fo l l owed by the s ame l etter were not s i gn i fi cant ly  di fferent at 
the 0 . 05 l evel of p robabi l i ty ( Wa l l er- Duncan ) . Mi n i mum s i gn i fi cance 
( MSD ) = 4 . 99 .  
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Al though  the re we re no  s i gn i fi can t d i fferen ce between the 
n umbers of bee t les captured on s t i c ky traps  at 0 . 9 1 m and 1 . 06 m, the 
h i ghe s t  n umbers of captured beetles  were observed  on s t i cky traps  at 
1 . 06 m a bo ve the groun d .  Traps  a t  he i ghts o f  0 . 60 m we re repla ced  by 
1 . 52 m trap he i g ht s  for t he th i rd test  carr i e d  o u t  between August  19-
Se ptembe r 2 7 .  
Th i rd Experi ment .  The anal ys i s o f  vari ance o f  adu l t  D .  
cri s tata count duri n g  the tes t from August  19-Se ptembe r  2 7  when gras s 
he i ght  was 1 . 2 7- 1 . 57 m i nd i cated that there was n o  s i gn i fi can t  d i ffe r­
ence between trap hei ghts at 0 .  9 1  m ,  1 .  06 m and  1 .  5 2  m a bo ve the 
ground ( P  � 0 . 05 ) . The mean s coun t of beet l e s at 0 . 9 1 m, 1 . 06 m an d 
1 . 52 m trap he i g hts  we re 0 . 3 ,  0 . 8 an d 0 . 6 ,  re s pect i ve l y .  
I n  s umma ry , traps  p 1 aced at  the 1 eve 1 o f  t he cano py captured  
mo re beet l es  t ha n  traps  p l a ced at the  lower l evel s .  
Ha bi ta t . o f  Adu l t  D .  cr i s tata 
S i n ce p rel i mi n a ry trap he i ght data of 1983 re vea l ed that mo re 
beetl es we re capture_d at  the canopy he i ght , n i ne s t i cky traps  we re 
p l ace d  i n  1983 and  n i ne i n  1984 among three  g ra s s  s pe c i e s  at  approx i ­
mate l y  the g ra ss hei g�t and  adj usted w i th t he growth o f  t he p l an t .  
I n  1983  the an a l ys i s o f  vari ance reve a l ed s i gn i f i cant  d i f­
fe rences  ( P  � 0 . 0 1 )  be tween grass  s pec i es i n  the adu l t D .  c ri stata 
counts . The mean beet l e counts  were 0 . 1 ,  0 . 6  an d 6 . 6  i n  the brome 
gras s , swi tch  g rass  and b i g  b lues tem grass p l ots , re s pect i ve l y . The 
mean s i n  the b rome and swi tch grass  p l ots  were not s i gn i fi can t l y  
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s i gn i fi cant l y d i ffe rent  from each othe r ,  but they were d i fferen t from 
the mean i n  t he b i g b l uestem ( Wa l l e r- Duncan, P � 0 . 05 ) . The an a l ys i s 
of  vari ance a l so revea l ed  that the dates of  coun t i n g  were h i g h l y  
s i gn i fi cant ( P  � 0 . 0 1 ) . The overa l l me a n  beetl e counts  on di ffe rent 
g ra s s  s pec i es  were : 0 ,  0 . 03 ,  0. 03 , 0 . 07 ,  0 . 1 ,  0. 1 ,  0 . 1 ,  0. 14 , 0 . 14 ,  
0 . 14 ,  0 . 18 , 0 . 2 ,  0 . 33 ,  0 . 37 ,  0 . 37 ,  2 . 0 , 2 . 7 ,  8 . 5 ,  16. 8 and 17. 0 for 
Septembe r 13 , 5 ,  1 ,  Augu st  22 , 12 , 24 , 30 , 26 , 1 5 , 19 , 1 7 , 8 ,  3 ,  5 ,  
10 , 1 ,  Ju l y  29 , 27 , and 22nd res pecti ve l y .  The i nd i v i du a l  co l l ecti on 
of a du l ts at v a ri ous dates d i ffered ( Wa l l er- Duncan , P � 0 . 05 )  as  
i n di cated  i n  Ta b l e 6 .  The g rass  s pec i es p l ot by  date i nteract i on was 
a l so h i gh l y  s i gn i f i cant ( P  � 0 � 0 1 )  ( Ta b l e 7 ) . 
I n  1984 t he ana l ys i s  of  va ri ance revea l ed s i gn i fi cant di f­
ferences ( P  � 0 . 0 1 )  between grass  s pec i es i n  the adu l t Q. cri stata 
coun ts . The mean beetl e counts were 0 . 1 ,  1 . 4  an d 18. 9 for the brome 
grass,  swi tch g ra s s  and  b i g  b l uestem, respect i ve l y .  The fi rst two 
mean s  were not  d i ffe rent  from each othe r ,  but they were d i fferent from 
the l a st  ( Wa l l er- Duncan , P � 0. 05 ) .  The ana l ys i s  o f  va ri ance a l so 
revea l ed that the .dates of  count i n g  we re h i gh l y  s i gn i fi cant ( P  � 
0. 0 1 ) .  The o vera l l mean beetl e counts o n  s ti cky tra p s  were 0 . 03 ,  0 . 2 ,  
1. 2 ,  1 . 4 ,  3. 0 ,  3 . 8 ,  5 . 2 , 6 . 8 ,  6. 9 ,  1 1 . 0 ,  1 1 . 1 ,  1 3 . 3 ,  1 3 . 4  and 18 . 0 for 
Augus t 30 , 27 , 10 , 20 , 13 , 15 , 17 , 8 ,  1 ,  Jul y  28 , Aug u s t  5 ,  Ju ly  26,  
30 and August 3 respe�t i ve l y .  The a ve rage i nd i v i dua l co l l ect i on dates 
di ffered ( Wa l l er-Duncan , P � 0 . 05 )  as  i nd i cated i n  Tab l e  8. The 
grass  spec i es p l ot by date i nteracti on was a l so h i gh l y  s i gn i fi cant  ( P  
� 0. 0 1 )  ( Tabl e 9 ) . 
TABLE 6 
Mean Catches of  Adu l t  Di abroti ca . cri s ta ta at Va ri ous 
Dates , J u l y  22 - September 13 , 1983 , i n  Three 
Grass  Spec i es P l ots near Brook i ngs , South Dakota 
Dates of  Wa l l er-Dun can 
Col l ecti on Counts p < 0 . 05 
Ju ly  22  16 . 8  a 
2 5  1 7 . 0 a 
2 7  8 . 5 b 
29 2 . 7 c 
August 1 2 . 0 cd 
3 0 . 3 d 
5 0 . 3 d 
8 0 . 2  d 
10 0 . 3 d 
12  0 . 1 d 
15  0 . 1 d 
17  0 . 1 d 
19 0 . 1 d 
22  0 . 07 d 
24 0 . 1 d 
26 0 . 14 d 
30 0 . 1 1  d 
September 1 0 . 03 d 
5 0 . 03 d 
13  0 d 
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Means fo l l owed by the same l ette r were not s i gn i fi cant ly  d i fferen t at 
the 0 . 05 l evel of p roba bi l i ty ( Wa l l er-Duncan ) . Means  are based on 9 
repl i cati ons . 
TABLE 7 
Mean Catches of  Adu l t D i abroti ca cri s tata on Sti c ky 
Traps Among Three Grass  Species by Date Interacti on 
Ju ly  22 - September 13 , 1983 , at B rook i ngs , South Dakota 
Dates of Grass  SEec i es  
Co l l ecti on Switch Gras s  Bi g Bl uestem Grass  Brame Grass  
Ju l y  22  6 . 0 45 . 0  0 . 1 
25 2 . 0  47 . 5 1 . 4 
27 1 . 3 24 . 0  0 . 3 
29 0 . 8 6 . 8 0 . 4  
August 1 0 . 4 5 . 1 0 . 4 
3 0 . 4  0 . 5 0 
5 0 . 2 0 . 7 0 . 1 
8 0 . 1 0 . 7 0 
10 0 . 1 0 . 7 0 . 2 
12 0 0 . 3  0 
1 5  0 . 1 0 . 2  0 . 1 
17  0 0 . 3 0 . 2 
19 0 . 3  0 0 . 1 
22 0 . 1 0 . 1 0 
24 0 . 2 0 . 1 0 
26  0 . 1 0 . 3 0 
30 0 . 1 0 . 2 0 
Septembe r 1 0 0 0 . 1 
5 0 0 . 1 0 
13  0 0 0 
Mean 0 . 6b 6 . 6a 0 . 1b 
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Means fol l owed by the same l etter were not s i gn i fi cant ly  d i fferent at 
the 0 . 05 l evel of probabi l i ty ( Wa l l er-Duncan ) .  Mi n i mum s i gn i fi cant 
di fference ( MSD  = 1 . 62 ) . 
TABLE 8 
Mean Catches of Adu l t Di abroti ca cri stata on  St i cky Traps at 
Vari ous Dates from July 26 - August 30, 1984 , i n  Di fferent  
Gras s  Speci es  P l ots near  Brooki ngs , South Dakota 
Dates of  
Col l ecti on 















13 . 3  
1 1. 0  
13 . 4  
6 . 9 
18 . 0 
1 1 . 1 
6 . 8  
1 . 2  
3 . 0 
3 . 8  
5 . 2 
1. 4 
0. 2 
0 . 3  
Wa 11 e r-Duncan 
















Means fo l fowed by the same l etter  were not s i gn i fi cantl y d i fferent at 
the 0 . 05 l eve l of probab i l i ty ( Wa l l er-Duncan ) .  
TABLE 9 
Mean Catches of  Adu l t  Di abrot ica cri s tata on St i cky Traps Among 
Th ree Grass  Speci es  on  Date by Gras s  Speci e s  I nteract i on from 
Ju l y  26-August 30 , 1984 , at  Brook i ngs , Sou th Dakota 
Dates of Grass  S�eci es  
Co l lecti on Switcn Grass  Bi g  B1 uestem Gras s  Brame Grass  
Ju l y  26  5 . 5 34 . 3  0 . 2 
28 1 . 7  40 . 0  0 . 3  
30 0 . 2  50 . 3 0 . 1 
August  1 3 . 3  30 . 7 0 . 3 
3 3 . 7 3 1 . 0 0 . 3  
5 2 . 2  17 . 1 0 . 1 
8 1 . 7  18. 4 0 . 1 
10 0 . 4 3 . 4  0 
13 0 . 1 9 . 1 0 
15 0 . 6  10 . 7  0 
17 0 . 2  15 . 4  0 
20 0 4 . 2 0 
27  0 0 . 4  0 . 2  
30 0 0 . 1 0 
Mean 1 . 4b 18 . 9a 0 . 1b 
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Mean s fol l owed by the same l etter were not s i gn i ficant l y  di fferent at 
the 0 . 05 l evel of probab i l i ty ( Wa l l er-Duncan ) .  MSD = 2 . 82 .  
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In  s ummary  i n  both yea rs 1983 and 1984 s i gn i fi can t l y h i ghe r 
catches of  adu l t Q. c ri stata were made i n  b i g b l uestem g rass  than i n  
e i ther  swi tch grass  o r . b rome gras s .  Thus b i g b l ues tem g ra s s  could be 
cons i dered as rest i ng , feed i ng an d mat i n g  s i tes  of adu l t D .  cri stata 
i n  a hab i tat  of  th ree mi xed grasses . 
Egg Ovi pos i t i on S i tes i n  the Fi e l d 
Tabl e 10  s umma ri zes t he occurrence of D .  c ri s tata eggs from 
d i ffe ren t  g rass  s pec i es samp l ed .  I t  appears from the tab l e that egg 
occu rrence was mo re frequent i n  b i g b l uestem grass  than i n  b rome grass  
or  swi tch grass . Sw i tch g rass mi xed in  So rgha s t rum n utan ( Indi an 
grass ) had the h i g hest  egg  coun ts i n  1 983 and none i n  1984 . In  1 ate 
Ma y ( 1984 ) eggs  of Q. v i  rgi fe ra , Q. barbe ri and Q. c r i  s tata co 11 ected 
from the f i e l d before adul ts were observed , began to hatch  wi th i n two 
da ys i n  the l a bo ratory  at 75° F .  Eggs con ti nued to ha tch  un t i l June 
15th , but no  hatchi n g  o ccurred after  the 15th o f  J un e .  In two to 
t h ree · wee ks , th i rd i ns tar l a rvae p u pated and adu l t s  that eme rged  
cons i s ted of  the three spec i es .  
La bo rato ry Tes ts 
Ad u l ts of D .  cr i stata we re s uccessfu l l y  s u s ta i ne d  b y  feedi ng  
them wi th a d i et compo sed of fresh  zucchi n i  squa s h , l ettuce an d an 
arti fi c i a l  d i et descr i bed b y  Gus s  e t .  a l . ( 1976 ) . Some eggs from a 
fi e l d so i l  samp l e a l so deve l oped to  adu l ts when fe d upon co rn roots . 
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TABLE 10 
Egg Occu rrence of Q. cri stata from D i ffe ren t  Gra s s  Spec i es 
nea r B roo k i ngs , South Da kota i n  1 983 an d 1984 
No . of 
So i 1 Total  Mean Eggs  Pe r 
Yea rs Grass  Spec i es Sampl es Egg s  So i l  S amp l e Ran ge 
September B i g  B l uestem 30 2 0  0 . 66 0- 19 
1983 
Swi tch Grass  30  12  0 . 40 0-6  
Swi tch  Gras s  + 
I n d i an Grass  30  9 1  3 . 0 3 0-22 
B rame Grass 30 6 0 . 20 0-4 
May 1984 B i g B l ues tem 10  59  5 . 90 0-27 
Swi tch Grass  10  1 0  1 . 00 0-4 
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These  resu l ts agree wi th  the fi ndi ngs of Branson and Krysan ( 1981 ) 
worki ng  wi th  the WCR and D .  cri stata . 
Determi nati on of  Ovipos i ti ona l  Preference 
The percentage of eggs l a i d  duri ng  the fi rs t  three weeks after 
the col l ecti on of D. cri stata adu l t s  from the fi e l d ranged from 15 . 41 
percent to 17 . 36  percent , 22 . 24 percent to 25 . 83 percent and 58 . 20 
percent to 60 . 45 pe rcent in a di s h  w i th p i nk gauze , 80 mesh so i l , and 
l umpy so i l , respect i ve ly  ( Tabl e 1 1a ) . 
The ANOVA reveal ed that l umpy so i l contai ned a h i gher  per­
centage of eggs than soi l s i fted through an 80 me s h  screen ; howeve r ,  
the l atter h a d  a s i gni fi cantl y h i gher percentage o f  eggs than p i n k  
gauze ( Tab l e 1 1b ) . 
Longevi ty of Adu l t D .  cri stata 
Tabl e 12 s ummari zes the l ongevi ty of ma l e  and fema l e D .  
cri stata . The range was 1 1-43 days for the 120  fi e l d co l l ected adu l ts 
accordi ng  to the date of col l ecti on . The means l ongev i ty for both 
ma l e  and fema l e was 22 . 5 .  
TABLE  1 1a 
The Percentage of  Ovi pos i t i on of  D .  cri stata i n  Th ree Ovi pos i t i ona l  






Eggs  La i d  ( Percent ) 
Pin k  Ga uze 80 Me sh Soil Lumpy So 1 l  
1 7 . 37  
15 . 4 1 
1 5 . 95 
2 2 . 24 
24 . 12 
2 5 . 83 
( 20 - 2 1° C an d 70% Rh ) 
TABLE  1 1b 
60 . 38 
60 . 45 
58 . 20  
Me an Occurren ce of  Eggs  La i d  i n  Th ree Ovi pos i t i Dn a l  Med i a 
i n  the Labo rato ry from Augu s t  18-Se ptembe r 1 .  
Mean s a re Based on  Three Rep l i ca tes . 
Ovi pos i t i on a l  Me d i a  Mean eggs La i d ( Pe rcent ) 
P i n k  Gauz-e 16 . 24** 
80 Mes h  So i 1 24 . 06** 
Lumpy So i 1 5 9 . 67** 
4 1  
**Me ans s i gn i f i can t l y di ffe rent from e a c h  other at  5 pe rcent l e ve l 
( An a l ys i s  o f  Var i ance LSD )  LSD0 _ 05 
= 2 . 79 
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TAB L E  12 
Longevi ty of Adu l t D. cr i s tata Co l l ected from the 
. Fi e l d from J u l y  15  - September 9 ,  1983 
Dates o f  Cage No . of Ran ge 
Observati on Numbe r Sex Beet l es  Me an s ( Days ) 
7/2 5 - 9/8 1 mal e  10 26 . 2  16-43 
7/25-9/8  1 fema l e 10  2 5 . 0  16-43 
7/25 - 8/26  2 ma l e  10  1 7 . 0 9-29  
7/2 5 -8/22  2 femal e 10 19 . 0  1 2-25  
7/25-8/22 3 ma l e  10 2 0 . 3  14- 25  
7/25 -8/28 3 femal e 10 20 . 5 1 2-32 
7/ 25-8/28  4 ma l e- 10 2 7 . 4 2 2 -33 
7/25 -9/2 4 fema l e  . 10  2 5 . 8  19-36  
7/25 -8/30 5 ma l e  10  2 5 . 0  1 3 -34 
7/25-9/9  5 fema l e  10 2 1 . 2 1 1- 43 
7/25- 9/6  6 ma l e  1 0  19 . 9  1 1- 40 
7/25 -8/30 6 fema l e  10 1 7 . 5 1 1- 34 · 
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D I SCUSS ION 
Th i s s tudy cons i s t i ng of observat i on s  comp l eted i n  1983 and 
1984 reve a l ed  a s i gn i fi cant l y h i gher catch of adul t D c ri stata in b i g  
b l uestem grasses  t han i n  e i ther swi tch grass  o r  b rome g ras s . Adul ts  
were captu red  on l y  i n  eme rgence cage s p l aced ove r b i g  b l uestem grass . 
Q_. c ri s tata  eggs  we re foun d i n  the so i l  of  a l l g ra ss s peci es . The 
l arges t n umbe rs of Q. c ri stata eggs we re fou n d  i n  a mi xed p l ot of 
swi tch grass  an d I n d i an g rass . W i esenbo rn and Krysan ( 1980 ) had  
co l l ected adu l t  D .  cri stata from Ind i an g rass  duri n g  the i r s u rvey i n  
B roo ki ngs  Coun ty , S O .  I nd i an grass  may be a hos t fo r the l arvae but  
th i s grass  spec i es wa s s carce in  the study a rea s o  that emergen ce 
cage s  cou l d not  be p l aced over  i t  a l one . No a du l ts we re caught ,  
howeve r ,  from emergence cages p 1 aced ove r  swi tch  g ra s s  i n  the p 1 ot 
whe re I nd i an and  swi tch grass  we re mi xed .  The se da ta i n di cated that 
l a rvae o f  D .  cri stata mos t  l i ke l y  feed on the roo t s  o f  b i g b l ue s tem 
grasses . Adu l ts after eme rgence can d i s pe rse to othe r  g rass  s pec i e s . 
Even though b i g b l ue s tem grass  has been cons i dered a s  an i nd i cato r  fo r 
the p resence o f  D .  c ri stata i n  the s tate o f  I l l i no i s  ( Rues i n k  i n  
Wi esenbo rn an d Krysan , 1980 ) , W i  esenborn and  Krysan ( 1980 ) i nd i cated 
that i n  So uth Da kota Q. cri s ta ta was frequent l y  found  whe re there was 
l i tt l e b i g b l ues tem p resent and the reve rse wa s true . The re l at i on ­
sh i p between Q. cri s tata and b i g bl ues tem gra s s  s pec i es i s  not 
abso 1 ute .  Duri n g  th i s s tudy Q. cri s ta ta has been  co 1 1  ected from 
a l fa l fa Med i cago s a ti va , di ffe ren t  grass  s peci e s  an d from weeds . The 
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p l ant s pe c i es fl owers on wh i c h the adu l t beet l e s we re co l l ected  we re 
as  fo l l ows : g ra s ses - Polygonum . erectum , Seta r i a l u te s cens ; weeds  -
As c l epi a s  syri a ca mi l k  weed , Con vo l vu l us  a rven s i s b i n d  weed , Amb ro s i a 
a rtemi s i aefo l i a  hog weed , Son chus arven s i s ,  Tarascacum offi c i na l e  an d 
Ama ranthus  ret rofl e s cu s , p i g  weed . 
There a re some 1 im i tat i -ons  to the u se o f  s t i cky trap s to 
dete nni ne the d i s tri buti on of adu l t i n sect s .  The s ti cky trap i s  a 
re l at i ve samp l i ng metho d .  Southwood  ( 1978 ) re po rted that the effi ­
c i en cy of sti cky traps var i es  wi th  w i n d  s peed and t he s i ze of  the 
i n se ct . Vari at i on i n  effi c i ency p rovi de s  a ve ry rea l  1 i mi tat i on on 
the va l ue of re l at i ve est imates . Duri n g  t he t rap p i n g  pe ri od  appreci ­
ab l e va ri a b i l i ty wa s · not i ced wi th the n umbe rs of beet l e s capt u red 
wi th i n the p 1 at of  the s ame g rass  s pec i es . Southwood ( 1978 ) stated 
that trappi n g  may g i ve w i de l y  di ffe rent coun ts  fo r the same ae ri a l  
popu l ati on i f  the wi nd  speeds on  the samp l i ng occa s i on s  di ffer .  
Tayl o r  on page 243 i n  Southwood ( 1978 ) , howe ve r , h as  s hown that it  was 
pos s i bl e to correct the catches from traps  i f  the w i n d  speed was 
known . The wi n d  s peed wa s not taken i nto a ccount  i n  thi s study ,  
howeve r ,  trap he fght p l ayed an i mpo rtant rol e i n  the n umbe rs of 
beet l es captu red . 
I n  a p re 1 i mi n a ry expe ri ment conducted from J u l y  20-August 1 ,  
i n  1983 the mean catches of  D .  cri stata on s t i cky t raps  at  hei ghts  of  
0 . 45 m ,  0 . 60 m and 0 . 9 1  m · above the ground we re 2 . 85 ,  47 . 07 and  52 . 07 
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respecti ve l y  when the hei ght of the b i g  b l uestem grass  ranged from 
0 . 7 1 -0 . 96 m. 
I n  a second seri es  of experi ments conducted from August  5-
August 17 , 1983 the mean catches of D. cri stata on the s t i cky traps at 
hei ghts of 0 . 60 m ,  0 . 91 m and 1 . 06 m above the g round were 1 . 08 ,  6 . 37 
and 8 . 04 res pecti ve l y , when the hei ght of the b ;- g  b l uestem grass  
· ranged from 0 . 96 m- 1 . 2 1 m .  
I n  a th i rd seri es of experi ments wh i ch i nvo l ved pea k grass 
he i ght carr i ed out duri ng  the peri od from August  19-September 27 the 
mean catches of D. cri stata on the s ti cky traps at 0 . 9 1 m ,  1 . 06 m and 
1 . 52 m were 0 . 33 ,  0 . 88 and 0 . 63 respecti ve l y .  
Thus , trap he i ght a t  the 1 eve 1 of the canopy captured more 
beet l e s  than traps p l aced at l ower l evel s .  These fi ndi ngs agree wi th 
s tud i es by Gus s  ( 1976 } whi ch revea l ed more WCR beetl es  on traps at the 
he i ght o f  the tassel  i n  cornfi el ds .  Barte l t and Ch i ang  ( 1977 ) a l so 
i ndi cated  tha t  traps  p l aced at 0 . 3  m and 0 . 9 m hei ght a bove the ground 
were· mos t  effect i ve for corn rootworm capture . 
I n sect death , mi grati on ; di s persa 1 o r  chan ge s  i n  fl i ght be­
havi or  may a ffect the numbers of counts on the st i cky traps . Beetl es 
must fly or wa l k  i n  o rder to be trapped.  De sp i te these l i mi tati ons , 
sti cky traps p l aced i n  adjacent monocul tures of di ffe rent grasses 
s hou l d p rovi de an i ndi cati on of · rel at i ve abundance of beetl es i n  the 
i 1111'1edi ate a rea . The occurrence of ma l es and fema l es on the sti cky 
traps  among d i fferent grass  spec i es was s i mi l a r .  Thus  i t  appears that 
ma l e  and fema l e D .  cri stata were acti ve at the s ame ti me at the grass  
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canopy .  S i m i l a r re s u l ts we re found by W i t kows k i  et . a l . ( 1975 ) wi th 
the i r s tudi e s  on the f l i gh t  and d i stri buti on of the WCR . 
An expe riment on the ov i pos i t i on a l  p re fe rence of  D .  cri stata 
i n d i cated  that  fema l es l a i d  mo re eggs i n  l umpy so i l  t han  amon g so i l 
se i ved through  an 80 mesh  s creen and  so i l i n  gene ra l  conta i ned mo re 
eg gs  than p i n k  ga uze . Th i s  re su l t i s  s i mi l a r to t he fi n d i ngs  of Ki rk 
et . a l . ( 1968 ) wi th the WCR .  They found that as the so i l  aggregate 
s i ze i nc re ased , ov i pos i t i on a l  p reference a l so  i n cre a .sed . 
Fema l e  Q c ri stata l a i d  ve ry few eggs i n  t h i s s tudy compared 
wi th  WCR i n  the s tudi es by B rans on and Jo hn son ( 19 73 ) .  Pe rhaps  fema l e  
D .  c ri stata had  l a i d  s ome eggs p ri o r  to co l l ect i on . 
·-
The l on gev i ty of Q. cri stata ranged from 1 1- 43 days accord i n g  
t o  the data of col l ecti on . Th i s  ran ge w a s  d i ffe ren t  from the range of 
19- 126 days obta i ned by Branson and Johnson fo r WCR ( 1973 ) . Hoo ten 
( 1979 ) reported a mean l ongevi ty of 60 and 6 7  days· re s pect i ve l y  fo r 
fema l e  WCR col l ected from E l kton and Be resford s i tes . The mean  numbe r 
of da.ys o bta i ned  d u ri ng  th i s s tudy was 2 2 . 5 .  Hooten ( 1979 ) studi .ed  
the WCR that  eme rged from fi e l d co l l ected eggs  mai n ta i ned in  the 
l aborato ry , whi l e  i n  the study ca rri ed out  w i th Q. cr i s tata , adu l ts of 
un known age we re i n vesti gated . Gus s et .  a l . ( 19 76 ) found  that di et 
p l ayed a maj o r  ro l e  i n  the l on gev i ty of we stern corn rootworms . S i ngh 
and Howe ( 197 1 )  a l so repo rted that d i et was ve ry i mpo rtan t  in  the 
l ongevi ty and fecund i ty of we stern com rootwo nns . D i fferent d i ets , 
howeve r , we re used i n  the studi es by Hooten ( op .  c i t . ) an d S i Agh and 
Howe ( op .  c i t . ) and the re a re a l so d i ffe rences  between s peci e s .  
CHAPTE R  4 
THE RESPON S E  OF  D .  CR I STATA ( HARRI S ) TO I NDOL E , EUGENOL 
AND TWO EUGENOL DERI VAT I VES  
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Eugeno l ( 4  a l l y l  2 rnetho xy pheno l ) obta i ned  comme rc i a l l y  by 
the fract i onat i on  of  c l ove Tri fo l i um sp  o r  c i nnamon C i nnamomum sp  o i l 
has b�en foun d attracti ve to the NCR  but  has  not  been found attract i ve 
to the WCR  ( Ladd e t .  a l . ,  1983 ) . Eugeno l an a l og s  have a l so  been found 
to be attract i ve to NCR ( Ladd , 1984 ) . I n dol e ,  a vo l at i l e  attractant 
fo r Di abroti ca i n  cucu rbi ts , h a s  been re ported to att ract the WCR but 
not the NCR i n  the state of  I l l i no i s  ( J . F .  Ande rson , pe rsona l  
conmun i cat i on ) . I s ozyme data ( J .  L .  Krys an , person a 1 conmun i cat i on ) 
i n d i ca ted  that D .  cri stata and the NCR a re ve ry c l ose l y re l ated , 
howeve r ,  the WCR i s  not a s  c l ose l y  re l ated to t he other  two . To l l ef­
son et . a l . ( 1975 ) reported that the adu l t  co rn rootwonn Di a brot i ca 
spp , were mos t  frequentl y attracted to ye l l ow traps . The purposes of 
the stud i es to be de s cri bed we re : ( a ) to te s t  the effect of the 
yel l ow col o r  on trapp i ng  Q. cri stata , ( b ) to tes t  the re sponse of Q. 
cri stata to i n do l e ,  eugeno l and eugeno l de ri vat i ve s i n  o rde r to 
dete rmi ne i f  the respon se pattern of Q. c ri s ta ta wi l l  be more l i ke the 
N CR or the WCR , and  ( c ) to test t he abo ve attractan ts wi th the NCR 
and the WCR i n  a corn fi e l d whe re both s pec i es we re p resen t .  The 
behavi o ra l  re s pon se to the se attractants may have i mpo rtan t imp l i ­
cat i on s  fo r unde rs tan di n g  the mechan i sms unde rl yi ng host  re l at i on s h i ps  
in  Di abrot i ca .  
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MATERIALS AND METHODS 
These  stud i es  we re con ducted i n  1984 on two s i tes owned by the 
So u th Dakota S tate Un i ve rs i ty Expe ri ment Stat i on .  An expe riment us i n g 
Q. cri stata was de s i gned i n  b i g  b l ues tem g ra s s  ( An d ropogon ge rardi ) as 
p rev i ous l y  des cri bed ( Chapter 1 )  from J u l y th roug h Augu s t .  An 
addi t i ona l  exper iment i n vo l vi ng  t he WCR an d t he N CR was des i gned i n  a 
co rn fi e l d near  Au ro ra ( 16 km east of Broo k i ngs  County ) i n  Augus t .  
The f i rst exper i ment comp l eted wi th  D .  c ri s tata  con s i sted o f  
se ve ra 1 p a rts . 
Co l o r Compa r i son 
A p re l i mi nary exper1ment con ducted from J u l y 16-J u l y  23 
eval uated the n umbe r of D .  cr i stata captured  on traps of  three d i f­
fe re nt col o rs ; un pa i nted { a  cream col o r ) , wh i te an d ye l l ow .  Ye l l ow 
traps we re pa i n ted by s p rayi n g  a g l ossy John Dee re ye l l oW® pa i n t  an d 
wh i te traps we re treated wi th g l ossy wh i te e n ame l . Traps we re then 
coated wi th  Tan g l e Trap® and p l aced on a wooden s ta ke approxi mate l y  at 
the h i ghest  1 e ve 1 of the grass canopy .  Traps  were p 1 aced  wi th i n  the 
bi g b l uestem p l ot i n  a ran domi zed comp l ete b l ock  des i gn an d re p l i cated 
4 ti mes . The t rap s we re p l aced 2 . 5  m i n  from the fi e l d bo rder and 7 m 
apa rt .  N i ne mete rs separated the b l ocks . The t raps we re checked 
dai l y ,  the n umbe r of D. c ri s tata coun ted and the sex of the beet l es 
wa s dete rmi ne d .  The most att ract i ve col o r  i n  t h i s pre l i mi nary te st 
was combi ned w i th d i ffe rent chemi ca l att ractant s  fo r subsequent  
expe ri men ts . 
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Compari son of  Two Methods of Di s pens i ng Att ractants  
I n  the secon d part  from Ju l y  25-Aug ust  2 ,  i n do l e  an d eugeno l  
we re compa red  a s  attractants  for  Q. cri  stat  a in  b i g b 1 ues tem grass  
p l ot s . Two methods  o f  d i s pen s i n g  the  chemi ca l s were used .  I n  the 
f i rst method,  attractan ts we re mi xed wi th the Tan g l e Trap® at the rate 
o f  10 pe rce nt  by we i ght ( Ladd , 1984 ) . I n  the secon d method the 
attractant s  we re d i s pensed from a cotton - wi ck and  a ffi xed above the 
t rap wi th a p i n . I n do l e ( 1  gram of 99+ perce n t  p u r i ty )  wa s wrap ped 
wi th cheese  c l ot h .  Eugeno l ( 1  ml of 99 percent comme rci a l  grade ) was 
p 1 aced i n  a cotton wi ck , 38 l11T1 1 on g and 15 mm i n  d i ameter .  The 
unba i ted  trap  bo re an empty cotton wi c k .  A ran domi ze d comp l ete b l ock  
des i gn was used w i th three repl i cat i on s  for both d i s pen s i n g  methods . 
The att ractan ts d i s pensed from cotton were renewed twi ce per wee k .  
When mi xe d w i th Tan g l e Trap® they we re re pl a ced  da i l y .  The st i cky 
traps we re c hecked  dai l y , the beetl es  removed by a s patu l a ,  then 
i mme rsed i n  hexane to remove the Tan g l e Trap®, t hen  counted an d sexed . 
The th i rd part tested eugeno l and two of  i ts an a l ogs : so l i d  
i soeugeno 1 a cetate , and 1 i q u i d 2 methoxy 4 p ropyl  p heno 1 , ( F i gure 3 ) , 
i n  a b i g b l ues tem grass  p l ot d i ffe rent  from the g ra s s  p l ot  that wh i ch 
was used to dete rmi ne the d i stri but i on of  adu l t  D .  cri s ta ta . Th ree 
attractant  mate ri a l s  and an un ba i ted t rap we re p l aced i n  a randomi zed 
comp l ete b l ock  des i gn an d re pl i cated fo ur  t i me s .  Ch em i ca l  attra·ctants 
we re wrap ped i n  chee se c l oth as  p revi o u s l y  des cri bed . Traps we re 
p l aced at 2 . 5 m from the edge of the p l o t , 7 m apart and  a d i s tance of  
9 m sep a rated the b l ocks . Unpai nted s t i cky traps  we re p l aced 







CH = CHCH3 
I soeugeno l Ace ta te 
Structure of e ugenol and re l ated compounds 
( from Ladd , 1984 ) . 
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approxi ma te l y a t  the l eve l o f  the g rass  canopy . Beet l e s  adheri ng  to 
the st i c ky traps we re coun ted and the sex dete rmi n ed on a da i l y  ba s i s .  
Att ractant  Exper iments wi th NCR an d WCR 
Th i s  experi ment  i n vo l ved the u se of  a corn f i e l d an d con s i sted 
o f  5 tre a tments : ( a ) i ndo 1 e ,  ( b ) eugeno 1 , ( c ) i soeuge no 1 acetate , ( d ) 
2 methoxy 4 p ro py l pheno l and ( e ) use of  un ba i ted s t i cky traps  as a 
contro l . The fi ve treatments we re p l aced i n  a ran dom i zed comp l ete 
b l ock  des i gn i n  the f i e l d wi th 4 rep l i ca t i on s . Un pa i nted s t i cky traps 
were expo sed at a d i stan ce of 2 .  5 m from t he borde r of  the fi e 1 d .  
They we re separated by 6 m and the rep l i cat i on s  we re separated 8 m 
apart .  Traps we re p l aced 0 .  9 1  m a bo ve the ground  and  attractan t 
materi a l s we re d i s pensed as  descri bed a bove .  Beet l e s  o f  both speci e s  
( NCR a n d  WCR )  adhe ri ng t o  the st i c ky trap s we re coun ted d a i l y  an d the 
sex dete rmi ned . Data we re ana l yzed by the ana l ys i s of  va ri ance and 
mean s we re separated by the Wa l l er- Dun can K rat i o  t te st . 
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RESULTS 
Co 1 o r  Campa ri son 
Data s ui11Tla ri z i ng the respon se of Q. cri stata to traps  of three  
co l ors appea rs in  Tab l e  13 .  An ana l ys i s  of vari ance of these data 
revea l ed no s i gn i fi cant d i ffe rences between catches on ye l l ow ,  wh i te 
or unpa i n ted  trap s .  Unpa i nted traps , the refo re , were u sed for the 
s ucceedi ng expe r iments . 
Compari son of Two Methods of Di spen s i ng  the Attractants  
. . . . . 
Method of Mi xi ng Attractant w i th Tangl e Trap®. Th� anal yses of  
vari an ce fo r mal e and fema l e  Q. cri stata captured  on  s ti cky traps when 
attractants · we re mi xed  wi th Tang l e Trap® reveal ed no  s i gn i fi cant 
di fferences  between attractants ( Appendi x 3 ) . Tan g l e  Trap® and the 
attractants when mi xed oxi d i zed to fo rm a redd i s h ma teri a l . Th i s  
resu l t ,  i n  addi t i on to the l ack of s i gn i fi cance , p u rs uade d  me to 
abandon the method and use che ese cl oth i n  s ucceed i n g  expe ri ments . 
Method of Cheese  C l oth Wrappi ng . An an a l ys i s  of vari ance reveal ed 
that the re were h i gh l y  s i gn i fi can t  d i fference s  ( at the 0 . 0 1  l e ve l of 
probabi l i ty ) between eugeno l and i ndol e as  to the n umbe r of ma l es 
attracted to the st i cky traps . The mean mal e counts  were 3 . 3 ,  14 . 2 ,  
and 2 8 . 8 fo r the control  ( o r  unbai ted sti cky trap ) ,  the ·i n do l e  and 
eugeno l ba i ted traps respecti ve l y .  The mean of  beetl e s  attracted to 
e ugeno l ba i ted traps was  d i ffe rent from the two me.ans on i n do l e  and 
t he contro l  wh i c h were s i mi l a r  ( Wa l l er- Duncan , 5%  p robab i l i ty ) .  The 
Mean Catches 
Dates of 
Co l l ect i on 









of D .  cri stata by Date and Co l or I nteracti on 
B l uestem Grass P l ot near B rook i n gs , SD .  
Means are Based  on 4 Rep l i cat i ons . 
Yellow 
4 . 0  
5 . 0  
8 . 0 
17 . 0  
23 . 0 
6 . 0  
6 . 0  
9 . 8a 
ResEonse Freguenci es  
Wh1 te Onpa 1 nted 
3 . 6 1 . 0  
4 . 8 1 . 0 
8 . 6 8 . 0 
2 1 . 2 16 . 1 
13 . 6  12 . 5 
5 . 5  4 . 7 
5 . 7  4 . 8 
9 . 0a 6 . 8a 
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i n  a B i g 
Means fo l l owed by the same l etter were not s i gn i fi can t ly  di fferent · 
Wa l l er-Duncan at the 0 . 05 l eve l of p robab i l i ty .  
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an a l ys i s  of vari ance revea l ed that the dates of count i n g  ma l e .Q_. 
cri stata were h i gh l y  s i gn i fi cant ( 5% p ro ba b i l i ty ) .  The ove ra l l mean 
beet l e  counts on the s t i cky traps were 2 0 . 6 ,  2 3 . 0 ,  16 . 3 ,  2 7 . 1 ,  9 . 5 , 
6 . 6 ,  an d 5 . 0  for the dates Ju l y  26 , 27 , 28 , 3 0 , 3 1 , August  1 ,  and 2nd 
res pect i ve l y .  The ave rage i nd i v i dua l  date d i ffe red ( Wa l l e r- Duncan , at 
the 0 . 05 p roba bi l i ty )  a s  i nd i cated i n  Tabl e 14 . The att ractan t by 
date i nteract i on was h i gh l y  s i gn i f i cant at the 0 . 0 1  l e ve l  of prob­
abi l i ty ( Tab l e 1 5 ) .  
The ana l ys i s of vari ance revea l ed s i gn i fi cant d i fferences  at 
the 0 . 0 1  l e ve l of p robab i l i ty between attra ctan ts as to the n umber of 
femal e s  captu red  on the s t i cky traps . The mean fema l e counts were 
2 . 6 ,  8 . 0 and 32 . 2  for the un ba i ted st i c ky traps , i n dol e and e ugenol  
ba i ted traps re specti ve l y .  The mean of  adu l t  fema l es attracted to 
eugeno l ba i ted traps was s i gn i fi cant l y d i ffe rent from the mean of 
femal es att racted  to i ndol e ba i ted  or un ba i ted s t i c ky traps .  The l a st 
two means we re not s i gn i fi can t l y  d i fferent  ( Wa l l e r- Duncan at the 0 . 05  
l e ve l of  p robab i l i ty )  ( Tab l e  16a ) .  An ana l ys i s of  vari an ce a l so 
reveal ed that the dates of count i ng  femal e Q. cri s tata were not 
s i gn i fi can tl y d i ffe rent . No s i gn i fi can t d i ffe ren ces  were foun d wi th 
the attractant  i nteracti on by dates . 
Ove ra 1 1  both rna 1 e and fema 1 e Q. cri s tata were attracted to 
e ugeno l but  the re we re no s i gn i fi can t d i ffe rences  between the mean 
coun ts of beet l es on i n do l e  and un ba i ted st i cky t raps . Eugeno l an d 
two of i ts ana l ogs , the refore , were tested for the i r att ractan cy to D. 
cri stata from August  4- 1 1 , 1984 . 
TABLE 14 
Mean Count of  Ma l e  D .  cri stata at Va ri ous Dates to 2 Attractants 
and Contro l  Wrapped with Cheese  Cl oth i n  a B i g B l uestem 
Grass P l ot near Brook i ngs , S O ,  i n  1984 .  
Mean s are Based o n  3 Rep l i cati ons . 
Dates of  Wa l l er- Duncan 
Co l l ecti on Counts ( P  � 0 . 05 )  
J u l y 2 6  20 . 6  ab  
27  23 . 0 ab  
28 16 . 3  be  
30 2 7 . 1 a 
31  9 . 5  be 
August  1 6 . 6  cd 
2 5 . 0 d 
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Mean s fo l l owed by the same 1 etter were not s i gn i fi cant ly  d i fferent 
( Wa l l er-Duncan P � 0 . 05 ) . 
TABLE  15  
Mean Catches of Ma l e  D .  cri stata on  Date by Attractant 
I nteract i on for-3 Lures Exposed by Wrappi ng 
Dates of 
Co l l ecti on 








wi th Cheese  Cl oth i n  a B i g B l uestem Gra s s  P l ot 
near Brook i ngs , S O ,  i n  1984 . 
·Means a re Based on 3 Rep l i cati ons .  
Eugenol 
42 . 6  
41 . 6  
30 . 6  
39 . 0  
20 . 6  -
15 . 3  
12 . 0  
28. 8a 
Res�onse Freguenc i es  
Indole Onba 1 ted 
15 . 0 4 . 3  
2 1  • . 3 6 . 0  
13 . 0 5 . 3  
36 . 0  6 . 3 
7 . 6 0 . 3 
4 . 3 0 . 3 
2 . 3 0 . 6 
14 . 2b 3 . 3b 
Trap 
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Means fo l l owed by the s ame l etter were not s i gn i fi cantl y di ffe rent 
{ Wa l l er-Duncan at the 0 . 05 l eve l of probab i l i ty ) . Mi n i mum s i gn i fi cant 
di fference ( MSD )  = 13 . 6 .  
TABLE 16a 
Mean Catches of  Femal e D .  cri stata on Sti cky Traps  Us i n g 3 Lures 
Exposed by Wrapp i ng with Cheese C l oth i n  a B i g B l uestem 
Grass  P l ot nea r  Broo ki ngs , SO , i n  1984 
Means are Based on 3 Rep l i cati on s . 
Lure 
Eugenol  
I ndo l e 
Unba i ted Trap 
D .  cri stata 
a 32 . 2b 8 . ob 2 . 6  
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Means fol l owed by the same l etter were not s i gn i fi cantl y di fferent at 
the 0 . 05 l evel o f  probabi l i ty ( Wa l l er-Duncan ) .  MSD = 6 . 62 .  
TABLE 16b  
Mean Counts of  Ma l e  D .  cri stata at Vari ous  Dates Us i ng Eugenol and Its 
Ana l ogs I n co rporatea i n  Ba 1 ted St i cky Traps  i n  a B i g B l uestem Grass  
P l ot near  Broo ki ngs Augus t  5- 1 1 , 1984 . 
Means are Ba sed on 4 Rep l i cati on s . 
Dates of Wa l l er- Duncan 
Co l l ecti on Counts ( P  � 0 � 05 )  
August  5 30 . 0  a 
6 22 . 0  b 
7 2 . 3  c 
8 3 . 8  c 
9 1 7 . 3 b 
10 5 . 1  c 
1 1  3 . 5  c 
Means  fol l owed by the same l etter were not s i gn i fi cantl y di fferent 
( Wa l l er-Duncan , P � 0 . 05 ) . 
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When the compounds we re mi xed w i th  Tan g l e  Trap®,  the mi xture 
rap i d l y  t u rned  reddi sh  i n  the fi e l d .  Th i s  procedure exposed the 
mate ri a l  d i rect l y  to s un l i ght , a condi t i on that  l e ads to ve ry rap i d  
oxi dat i on ( J . F . Anderson , personal commun i cat i on ) .  The other 
di s pens i n g  method , ( the cheese cl oth wrapp i n g )  p re s uma b l y  p rotected 
the i ndo l e  from oxi dat i on , b ut evapo rat i on was. p e rmi tte d .  
Experi ment Tes t i ng the Attracti veness  of Eugeno l  an d Two of I ts 
Ana l ogs  for D .  c ri stata 
Attract i ve ness  of  the Attractant for Ma l e  D .  c ri s ta ta 
An ana l ys i s  of vari __ ance revea l ed s i gn i fi cant dt ffe rence s  ( at 
the 0 .  0 1  1 eve 1 of probab i  1 i ty ) among attractan ts  to t he n umbers of 
ma l e  ·Q. cri s tata captured on the st i cky traps . The mean ma l e  counts 
were 1 . 0 , 2 . 2 ,  19 . 6 ,  and 25 . 2  for the unba i ted st i cky traps , i so­
eugeno 1 acetate , 2 methoxy 4 propyl  pheno 1 and e ugeno 1 ba i ted traps 
respect i ve l y . E ugeno l ba i ted st i cky traps were mo re attracti ve for 
ma l e  beet l e s  than t he other attractants . Two methoxy 4 p ro py l pheno l 
was a·l so att racti ve to mal es as  shown by the me an wh i ch was s i gn i fi ­
cant l y di ffe rent from the other means ( Wa l l e r- Duncan , at the 0 . 05 
l e ve l  of p ro ba bi l i ty ) . The ana l ys i s  of vari ance a l so revea l ed that 
the dates of count i n g  ma l es on the sti cky t raps  were h i gh l y  s i gn i fi ­
cant ( at the 0 . 0 1  l eve l of p ro babi l i ty ) . The o ve ra l l mean ma l e  D .  
cri stata counts on the sti cky traps we re 30 . 0 ,  2 2 . 0 ,  2 . 3 ,  3 . 8 ,  1 7 . 3 ,  
5 . 1 and 3 . 5 for August  5 , 6 ,  7 ,  8 ,  9 ,  1 0  and  1 1  respecti ve l y .  The 
average i ndi v i du a l  dates d i ffe red ( Wa l l e r- Duncan , 0 . 05 l e ve l  o f  
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p ro ba b i l i ty )  a s  i ndi cated in  Ta bl e 1 6b . The attractant by date i n ter­
act i on was h i gh l y s i gn i f i can t at the 0 . 0 1  l eve l of proba b i l i ty ( Tab l e 
1 7 ) .  
Attracti venes s of the Attractants for Fema l e D .  cr i s tata 
The ana l ys i s  of vari ance revea l ed s i gn i fi can t d i ffe ren ces  at 
the 0 . 0 1  l e ve l of p ro bab i l i ty among  att ractants  to the numbers of 
fema l e  D. c ri s tata captured on · the s t i c ky traps . The mean fema l e  
counts we re 0 . 9 ,  1 . 1 ,  1 7 . 1 and 28 . 4 fo r unba i ted s t i cky traps , i so­
eugenol  acetate , 2 methoxy 4 p ropyl pheno l , an d e ugenol , re specti ve l y  
( Ta b l e  18 ) . Eugeno l  ba i ted traps attracte d mo re fema l e  beet l e s than 2 
methoxy 4 p ro pyl phen o l  wh i ch i n  turn att racted mo re fema 1 es  than the 
l as t  two mate ri a l s .  uti l i z i n g the i soeugenol  a ce tate an d un ba i ted 
t raps . These  l a s t  two we re not s i gn i fi cant l y  d i ffe rent from each 
other  ( Wa l l e r- Duncan , at the 0 . 05 l eve l of  pro bab i l i ty ) . An an a l ys i s  
of vari ance a 1 so re vea 1 ed that the dates of coun ti ng  fema 1 e s  on the 
st i cky t raps we re h i g h l y  s i gn i fi cant at the 0 . 0 1  l eve l o f  p robab i l i ty .  
The overal l mean fema l e D .  cri s tata counts o n  the s t i cky traps we re 
2 . 6 , 4 . 6 , 5 . 8 , 5 . 8 , 19  . 7 , 2 1 .  5 , and 2 3 .  1 fo r Aug u s t  7 , 1 0 , 1 1  , 8 , 9 , 
6 , and 5 respecti ve l y . The fi rs t fou r  were not s i gn i fi can tl y  d i f­
fe rent  from each othe r .  They were , howeve r ,  s i gn i fi can tl y d i ffe rent 
from the l as t  th ree whi ch  were s i mi l a r ( Wa l l e r-Dun can , at the p rob­
ab i l i ty of 0 . 05 ) . The att ractant by date i n te racti on  was h i gh l y  
s i gn tf i cant at  the 0 . 0 1  l eve l of p ro babi l i ty ( Ta b l e 18 ) .  
60 
TABLE 1 7  
Mean Catches of - Ma l e  D.  c ri stata on Date by Attractan t I n teract i on 
i n  a B i g B l ues tem Grass  Pl ot near  B roo k i ng s , S O ,  1984 .  
Mean s a re Based on  4 Rep l i ca t i on s .  
Dates of  ResEonse Freguenc i es 
Co l l ect i on E ugeno l I soeugenol  Methoxy Un ba i ted Traps 
Acetate 
Au gust  5 66 . 7  7 . 5  43 . 5 2 . 2 
6 45 . 2  5 . 0  35 . 5  2 . 2 
7 6 . 2  0 . 5  2 . 2  0 . 2 
8 8 . 2  0 6 . 7 0 . 2  
9 36 . 5  0 . 2  32 . 0  0 . 7 
10 9 . 2  0 . 5  10 . 5  0 . 5 
1 1  4 . 5  1 . 7 7 . 0 1 . 0 
Mean s  2 5 . 2a 2 . 2c 19 . 6 b 1 . 0c 
Means fo l l owed by the s ame l etter were not s i gn i fi can t l y d i fferent at 
the the 0 . 05 l eve l of p robab i l i ty ( Wal l e r-Duncan ) .  M i n i mum s i gn i fi ­
cant d i ffe ren ce ( MSD ) = 4 . 8 .  
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TABLE  18 
Mean Catches of Fema l e  D.  cri stata on Date by Att ractant I nteracti on 
i n  a B i g B l uestem Grass  Plot near Brook i n gs , S O ,  August 1984 . 
Means a re Based on 4 Rep l i cat i ons .  
Dates o f  ResEons e  Fr�uen c i es 
Co l l ection  Eugenol Isoeugenol thoxy Onba 1 ted Traps  
Acetate 
August 5 59 . 2  2 . 7  30 . 2  0 . 2 
6 46 . 0  2 . 7  35 . 0  2 . 5  
7 7 . 0  0 . 2  3 . 0  0 . 2 
8 16 . 7  0 . 2  6 . 2 0 . 2 
9 50 . 0 1 . 0  26 . 2 1 . 7 
10 9 . 7  0 8 . 2 0 . 5  
1 1  10 . 2  1 . 2  1 1 . 0 1 . 0  
Mean s 28 . 4a 1 . 1c 1 7 . lb 0 . 9c 
Means fol l owed by the same l etter were not s i gn i fi cantl y  d i fferent 
( Wa l l er-Duncan at the 0 . 05 l evel o f  p robabi l i ty ) . Mi n i mum s i gn i fi cant 
di fference ( MS D )  = 5 . 1 .  
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The s e  data have revea l ed that eugeno l wa s fa r mo re attract i ve 
to bo th rna 1 es and  fema 1 es of D .  cri  stata t han  any of the other 
compounds tes ted . Two methoxy 4 p ropyl phenol a l so  was more attracti ve 
to both · rna 1 es and  fema 1 es than i soeugenol a ce tate wh i ch wa s not 
s i gn i fi cant l y  d i ffe rent  from the unba i te d  trap s .  
Expe ri ment w i th NCR  an d WCR : Attractan cy to I ndo l e ,  E ugenol  and Two 
Ana l ogs of E ugenol  
Ma l e  NCR . The ana l ys i s  of va ri an ce re vea l ed s i gn i fi cant  d i fference s  
at the 0 . 0 1 l eve l o f  p ro ba bi l i ty amon g attractan t s . The mean ma l e  
counts were 14 . 6 ,  2 1 . 2 ,  2 2 . 7 ,  86 . 5  an d 1 12 . 8 for i ndo l e ,  i soe ugeno l 
acetate , un ba i ted s t i cky trap , 2 methoxy 4 p ropyl p heno l an d eugeno l , 
re s pect i ve l y .  Eugeno l and 2 methoxy 4 p ropyl p heno l we re s i gn i fi cant l y 
attracti ve fo r the ma l e  NCR.  I soe ugeno l  acetate and  i ndo l e ,  howeve r ,  
were not s i gn i fi cantl y d i fferent from the un ba i ted st i cky trap 
( Wa l l e r- Dun can at  5% p roba b i l i ty ) . The ana l ys i s  of va ri ance revea l ed 
that the re wa s no  s i gn i fi can t di ffe ren ce between the dates of coun t i ng 
ma l es and the attractant by da te i nteract i on .  
Fema l e  N CR .  The ana l ys i s  o f  va ri ance re vea l ed s i gn i fi can t d i fferences  
at the 0 . 0 1  l eve l of proba b i l i ty among  attractan ts . The mean fema l e 
co un ts we re 2 . 2 , 4 . 9 ,  7 . 6 ,  1 10 . 0 an d 1 15 . 2 fo r i n dol e ,  un ba i ted st i c ky 
t rap , i soeugenol  acetate , 2 methoxy 4 p ropy l pheno l  an d eugenol  
respecti ve l y .  The eugenol  an d 2 methoxy 4 p ropyl pheno l ba i ted traps  
were mo re attra ct i ve to  femal e  NCR than to  i soeugeno l  acetate an d 
i n do l e whi ch  we re not s i gn i fi can t l y  di ffe rent from the un ba i ted sti cky 
trap { Wa l l er-Dun can , at 0 . 05 pro babi l i ty ) . The ana l ys i s of va ri an ce 
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a l so reveal ed that the  da tes of co unti ng fema l e s N CR on the st i c ky 
traps we re h i gh l y s i gn i fi cant at  the 0 . 0 1 l e ve l  o f  proba b i l i ty .  The 
ove ra l l mean fema l e NCR counts  on the st i cky traps  were 18 . 3 ,  28 . 6 ,  
4 1 . 0 ,  5 7 . 1 and 72 . 0  for the date o f  August  2 2 , 2 3 , 2 5 , 24 , 2 6  and 
2 7 th res pe ct i ve l y .  The average i n di v i dual  date fo r fema l e  NCR co un ts 
di ffe red ( Wa l l er-Duncan at the 0 . 05 l eve l of p ro ba b i l i ty ) as i n d i cated 
i n  Ta bl e 1 9 .  The attractant by date i n teract i on was h i gh l y  s i gn i fi ­
cant at  the 0 . 0 1 l eve l o f  pro ba bi l i ty ( Ta bl e 2 0 ) . 
Ma l e  WCR . Ta b l e 2 1  s urrunari zes the catch of mal e WCR on the s t i cky 
traps  ba i ted wi th d i ffe rent l u res .  An ana l ys i s o f  vari an ce revea l ed 
no s i gn i f i cant  d i ffe ren ce s at the 0 . 05 l eve l of p ro bab i l i ty amon g 
attractants . 
Fema l e WCR .  The ana l ys i s of  va r i an ce re vea l ed t ha t  there we re . s i gn i ­
fi cant d i ffe rence s  among att ractants at  the 0 . 0 1  l eve l o f  p robab i l i ty .  
The me a n  fema l e counts we re 0 . 3 ,  0 . 3 ,  0 . 4 ,  0 . 5 an d 1 .  7 for un ba i ted 
s t i c ky traps , i n dol e ,  eugeno l , i soeugeno l a ce tate an d 2 methoxy 4 
propyl pheno l res pect i ve l y . Two methoxy 4 p ropy l p heno l  wa s s i gn i fi ­
can t l y  attracti ve fo r fema l e  WCR .  Euge no l , i soeugeno l acetate and 
i n dol e attract i veness  we re not s i gn i fi can t l y  d i ffe rent  from that of 
the un ba i ted s ti c ky trap s . 
Ta bl e 2 2  has  s umma ri zed the mean catches o f  NCR  an d WCR on un ­
pa i nted  sti cky t ra ps ba i ted wi th di ffe rent  attractan t mate ri a l s .  
Eugeno l and 2 methoxy 4 propy l phenol we re attract i ve to both sexe s  of 
NCR , howe ve r , 2 methoxy 4 p ropyl p heno l was att�act i ve to on l y  fema l e  
WCR . I s oeugeno l ·a cetate and i n dol e were not attract i ve to e i the r N CR 
or WCR . 
TABLE 19 
Mean Counts of Fema l e  NCR at  Vari ous Dates on D i fferent Attractants 
from a Corn Fi e l d nea r Aurora ( Brook i ngs  County , S O )  August 1984 . 
Mean s  are Based on 4 Rep l i cat i on s . 
Dates of Wa l l er-Duncan 
Co l l ecti on Counts ( P  � 0 . 05 )  
August 22  18. 0 d 
23  28. 6 cd 
24 5 7 . 15 b 
25 41 . 0  c 
26 7 1 . 0 a 
27  72 . 0  a 
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Means fal l owed by the s ame 1 etter were not s i gn i fi cantly di fferent 
( Wa l l er- Duncan at the 0 . 05 -l evel of  probab i l i ty ) . 
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TABLE 20 
Mean Catches of Fema l e NCR on Date by Attractant I n teract i on 
i n  a Corn Fi el d near Aurora , 1984 .  
Means  a re Based on 4 Rep l i cati on s . 
Response Frequenci es 
Dates of Onba 1 ted 
Co l l ecti on Eugenol Methoxy I soeugenol I ndo l e Sti cky Trap 
Acetate 
August 22 38 . 0 5 1 . 2  1 . 0  0 . 2 1 . 2 
23  77 . 0  63 . 7 0 . 5 0 . 7 1 . 0  
24 146 . 5 1 27 . 2  7 . 5 2 . 2  2 . 2  
25 89 . 2  9 1 . 5  13 . 5 4 . 0  6 . 7  
26  163 . 7 163 . 7  . 15 . 2  3 . 7 9 . 2  
27  177 . 2 162 . 7  8 . 0 2 . 7 9 . 2  
Mean 1 15 . 2a 1 lO . Oa 7 . 6b 2 . 2b 4 . 9b 
Means fo l l owed by the same l etter were not s i gn i fi cantl y di fferent at 
the 0 . 05 l evel of proba bi l i ty ( Wa l l er-Duncan ) .  · MSD = 34 . 73 . 
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TABLE 2 1  
Mean Catches of Ma l e WCR by Date and Lure I nteract i on i n  
a Co rn F i e l d near Au ro ra , S O ,  i n  Augu s t  1984 
Mean s a re Based on 4 Rep l i cat i on s .  
Reseon se Freguen c i e s  
Dates o f  2 Met hoxy Isoeugenol Un ba i ted 
Col l ect i on Eugeno l  4 P ropyl phenol  Acetate I n do l e Trap 
August  2 2  1 1 . 0  1 . 0 4 . 7 2 . 5 4 . 5 
2 3  6 . 0  1 . 0 1 . 5 2 . 2 4 . 2 
24  4 . 0  1 . 5 1 . 2 0 . 7 2 . 2  
25  6 . 5 0 . 5 3 . 0 2 . 0  3 . 5 
2 6  1 1 . 7  1 .. 2 5 . 0 2 . 7 5 . 2  
2 7  1 7 . 0  3 . 0 7 . 0 3 . 0 7 . 7 
Me an 9 . 3a - 1 . 3 a 3 . 7a 2 . 1 a 4 . 5a 
�\'lean s fo l l owed  by the same l etter we re not s i gn i fi can t l y  d i ffe rent  
( Wa 1 1  er- Dunca·n )  at the 0 . 05 l eve l o f  p ro ba b i l i ty .  
TABLE  2 2  
Mean Catche s of N C R  a n d  W C R  on  Un pa i nted St i c ky Traps  Ba i ted 
wi th  Di ffe rent  Attractant  Mate ri a l s i n  a Co rn F i e l d at Au ro ra 
nea r Brook i ngs , SD ( August 2 2 - 2 7 , 1 984 ) . 
Mean s a re Based on 4 Rep l i cat i on s .  
Mean Catches 
Ba i t  Northe rn Co rn Root worm Wes te rn Corn Rootwonn 
Mate ri a l s Ma l e  Femal e Mal e  Femal e 
Eugenol  1 1 2 . 8a 1 1 5 . 2a 9 . 3a 0 . 4b 
Methoxy 86 . 5a 1 10 . 0a 1 . 3a 1 .  7a 
I s oeugeno l 
2 1 . 1 b 7 . 6b 3 . 7a o . sb Acetate 
I n do 1 e 14 . 6b 2 . 2b 2 . 2 a 0 . 3b 
Un ba i t  2 2 . 7b 4 . 9b 4 . 5a 0 . 3b 
MSD=48 .  42 -- MSD=34 . 7 MSD=O .  63 
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Me an s fo l l owed by the s ame l ette r i n  the s ame co l umn we re not  s i gn i f i ­
can t l y d i ffe rent  at the 0 . 05 l eve l o f  p robab i l i ty ( Wa l l e r- Duncan ) .  
D ISCUSS I ON 
Co l o r P referen ce for D .  cri sta ta 
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Th i s  study i nd i cated t ha t  Q. cri stata d i d not  s how any pre fe r­
ence for yel l ow co l ored s t i cky traps . Al t hough  the re we re no s i gn i ­
fi cant d i ffe ren ces i n  numbers of adu l ts capture d , t he total  beetl e 
counts we re h i ghe r  on  yel l ow s ti cky trap s than on wh i te traps , 690 an d 
630 beet l e s , re s pe ct i ve l y .  The tota l numbe r o f  beetl e s  coun ted on the 
un pa i n ted s t i c ky traps was on l y  48 1 .  The ye l l ow co l o r ha s been known 
to be att ract i ve fo r o the r s pec i es of i n sect s . B roadbent  et . a l . i n  
So u thwood ( 19 78 )  foun d a ye l l ow trap mo re att ract i ve to a ph i ds than a 
wh i te col o re d  mode l . To l l efson et . a l . ( 19 75 ) re po rte d t ha t  ye l l ow 
wa s attract i ve to Di abroti ca s pp , an d La dd et . a l . ( 1984 ) found ye l l ow 
attract i ve ·to the NCR.  S urp ri s i ng l y ,  i n  th i s s tudy Q.. c ri stata s howed 
no  p refe rence fo r ye l l ow co l o red obj ects . Wi esen bo rn an d Krysan 
( 1980 } a l so  fo und Q. cri s tata on fl owers that were not ye l l ow .  I n · 
1983 and  1 984 , adu l t  Q. cri s tata were co l l ected i n  t hi s study not on l y  
from yel l ow fl owe rs but a l so from weeds such  a s  b i n dweed an d . P i gweed 
that have non -ye l l ow co l o red b l ooms . These observ at i on s  re vea l t ha t  
Q. cri stata i s  not e spec i a l l y  associ ated wi th ye l l ow fl owe rs but th i s 
be havi o r  of D .  cr i s tata i s  d i ffi cu l t  to exp l a i n  rea l i z i ng that ye l l ow 
i s  att ract i ve fo r other s pec i es of Di abrot i ca .  The s pe c i fi c yel l ow 
co l o r o r  textu re of  the pa i nt used i n  th i s  study may not be attract i ve 
to Q. cri stata , otherwi se the res ponse of  many i n sects  to the ye l l ow 
co l o r i s  rathe r  genera l . 
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Compa ri s on of  Two Methods of Di spen s i ng Attractant Lure 
The method deve 1 oped  by Ladd et .  a 1 .  ( 1 983 ) for the NCR , i n  
wh i ch the l ure wa s mi xed - wi th the Tan gl e Trap®, captured l a rge n umbers 
of i nsects i n  the i r s tudy so I comp a red the i r method  o f  a dd i ng l ure to 
the Tan g l e Trap® wi th ou rs i n  wh i ch the l ure was a pp l i ed u s i n g  a wi ck .  
St i cky t raps i n  th i s  study were renewed da i l y  throughout the peri od of 
samp l i n g  from Ju l y  2 7  to August  2 .  Ladd ' s met ho d  wa s not a s  de s i rabl e 
i n  thi s s tudy s i nce the mi xture of l ure an d Tan g l e Trap® turned red i n  
co l or w i th the o xi dati on o f  the s u bs t rate when exposed t o  s un l i g ht . 
Even though  the method of d i spens i n g e ugeno 1 from a cotton 
wi ck a ttracted fewe r D .  cr i stata than expos u re by mi xi n g  attractant 
wi th the Tan g l e  Trap®,  the new method was p re fe rab 1 e as  preva 1 ent 
s i gn i fi cant d i ffe ren ces were observed between treatments . . . The wi ck 
method a l so demon s t rated an attract i venes s of e ugeno l  fo r D.  cri stata 
and req u i red fewer trap re p l a cements . 
Attracti veness  o f  the Te sted Compoun ds to D .  cr i stata , NCR  and WCR 
Thi s study i nd i cated that the re spon se of Q. cri stata to 
eugeno l  an d to 2 metho xy 4 p ropyl phe nol  was s i mi l a r · to the respon se of 
NCR to the s ame compounds . Both  sexes  of the two s pec i es , Q. cri stata 
and NCR , were s i mi l a rl y  attracted to e ugenol  an d to 2 methoxy 4 
propyl pheno l . These l ure s we re extracted from c l ove or  c i nnamon , thus 
confi rmi n g ear l y repo rts rega rdi ng  the s i mi l a ri ty of adu l t  feedi n g  
habi ts of the two speci es . Krysan an d B ranson ( 1982 ) i n di cated that 
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NCR an d �- c ri stata have s i mi l a r a du l t host  p l ants  an d that adu l ts of 
both s pe c i e s  fee d  on the pol l en of a great vari ety o f  p ra i r ie  fo rbs . 
Ladd { 1984 ) foun d eugeno l , 2 methoxy 4 pro pyl phen o l  attract i ve to the 
NCR  but i soeugenol acetate was not att ract i ve fo r NCR . . In th i s study 
s i mi l a r re s u l ts we re o bta i ned wi th eugeno l , 2 methoxy 4 propyl phenol  
and  i soeugenol  acetate . 
The re appea red to be · a sex d i ffe rence w i th the WCR i n  the 
re s pon se  to 2 methoxy 4 p ropyl phenol . On l y  fema l e  beet l es we re 
attracted to 2 methoxy 4 propyl pheno l . Ne i ther sex o f  WCR wa s 
a ttracted  to e ugenol . Ladd et . a l . ( 1983 ) a l so  fo und that the WCR was 
not att racted  to eugeno l . Al l th ree spec i es , Q. cri stata , NCR , and 
WCR we re not attracted to i soe ugenol acetate o r  to i n do l e  i n  th i s  
study .  John An de rson ( persona l  commun i cat i on ) fo und i ndo l e  attrac­
ti ve ,  howe ve r ,  to WCR i n  the State of I l l i no i s .  H i s s tudy s i te ,  
howe ve r , h a d  c ucurb i ts p l anted there i n  addi t i on to co rn . He stated 
that i n do l e  wa s found to be a vol at i l e  component of cucurbi t fl owers , 
thus res pons i b 1 e at 1 ea st i n  part , for the att ract i veness  of those 
f l owe rs to the WCR.  It i s  pos s i b l e  that geneti c d i fferen ces in the 
p re- adaptati on of WCR to i ndol e may be i nvol ved wi t h i n  the s pec ies  an d 
cou l d exp l a i n  the d i ffe rences obse rved  i n  t he two s tates . 
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CHAPTER 5 
CONCLUS ION 
Th i s  s tudy was undertaken to detenni ne : ( a )  the di s tri buti on 
of D. cri sta ta among three grass  s peci es : b i g b l uestem, swi tch gras s 
and brome g rass , ( b )  the types of g ras ses consumed by both l a rvae and 
adul ts , ( c )  the egg l ayi ng  preferences of  .Q.. cri stata for the di f­
ferent grass  s pec i es , and ( d )  the response of adu l t beetl es to co l ors 
and to attractants . The data were stati sti ca l l y  ana l yzed wi th the 
ana l ys i s  of vari ance and Wa l l er-Duncan K rat i o  t tests . The b i g 
b l uestem g rass  p·l ot contai ned more .Q.. cri stata than any of the other 
exami ned grasses duri ng  both years of 1983 and of 1984 . Very few 
beetl es were co l l ected from st i cky traps that were p l a ced i n  swi tch or 
brome grass  p l ots . The di s tri buti onal pattern of D. cri s tata regard­
i ng the emergence of adu l ts from cages p l aced over  b i g  b l uestem grass 
and the co l l ecti on of eggs among grass p l ots i nd i cates that the b i g  
bl uestem grass i s  a host for the l arval  stages o f  th i s  i nsect . 
Femal es must  l ay eggs i n  or  near the s 1 tes  that provi de food for 
l arvae after the e ggs  have hatched.  
The he i ght of the trap , p l ays an i mportant rol e i n  the numbers 
of beetl es captu red . Severa l other factors s hou l d a l so be taken i nto 
account s uch a s  the w i nd speed duri ng  the s amp l i n g  ti me and the col or  
of the traps . S i nce sensori a l  and  b i o l og i ca l  di fferences occur among 
i nsects , one needs to determi ne the respon se of the speci fi-e i n sect to 
di fferen t co l ors . 
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I n  t he l a bo rato ry tests , thi s s tudy s howed  that l umpy so i l  was 
a pre fe ra b l e  ovi po s i t i ona l medi um fo r fema l e s  of D.  cri stata . The 
mean l on ge v i ty of both ma l e  and fema l e  D .  cri s tata a cco rd i n g  to the 
co l l ect i on date wa s 2 2 . 5  days . 
Th i s  s tudy a l so revea l ed d i ffe rences amon g the t h ree spec i es 
in  the i r re spon se  to the materi a l s tes ted .  Eugeno l an d 2 methoxy 4 
propyl pheno l we re c l ea rl y attract i ve fo r bot h  sexe s  o f  NCR  an d of D .  
cri s tata . Fema l e WCR we re attracted to 2 metho xy 4 propyl pheno l . 
I n do l e and i soeugeno l acetate , howeve r ,  attracted none o f  the 3 a bove 
spec i es . The fi nd i ngs i n  t h i s study emp ha s i ze the s i mi l a r  adul t 
feed i n g  behavi o r  o f  the NCR wi th Q. cri s ta ta . Further study ,  however ,  
needs  to be done i n  o rde r to draw some defi n i ti ve con cl u s i on s  regard­
i n g the ho st  p l ants of D. cri stata , an d thei r re l at i on sh i .P wi th the 
NCR co rn pests . 
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APPEND I X  1 
Wee k l y  Egg Counts of D .  cri stata i n  Th re e  Ov i po s i t i ona l Med i a ,  
No rthern Gra i n I nsect La bo rato ry , B roo ki n gs , S D  - 1983 
Dates of  Numbe rs of ETgs 
Co l l ecti on Cages Gauze 80 Mesh So l Lumpy Soil Tota l 
August 18 1 30 30  98  158 
2 35 35 100 170 
3 28 47 1 15 190 
August  2 5  1 64 90 144 2 98 
2 50  - 1 10 1 30 290 
3 5 7  100 120  277  
Se ptember 1 1 13  17  1 30 160 
2 16 13  166  195  
3 20 2 3  148 19 1 
To tal  3 1 3  465 1 1 5 1  1929 
APPEN D I X  2 
Frequenci es  of Adul t D .  cri stata on Th ree D i fferent 
Dates of  
Co l l ecti on 
Ju l y  1 7  
Ju l y  18 
Ju ly  19  
Ju l y  20  
Jul y 2 1  
Jul y 2 2  
Ju l y  2 3  
Tota l 
Sti cky Traps i n  the B1 g Bl uestem Grass  P l ot i n  
ResEonse Freguen ci es 
Yellow Wh1 te On pa 1 nted 
22 5 1  26 
59  48 19 
86 86 88 
176 2 12 16 1  
230 136 124 
61  55  47  
65  57  48 
699 645 5 13 
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· 170  
1857 
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APPEND I X  3 
Tota l Adu l t  D .  cri stata from 9 Sti cky Traps Mi xed wi th Attractant 
i n  a-B i g Bl uestem Grass  P l ot nea r B rooki ngs , SO .  
( Ju ly  27-Au gust  2 ,  1984 ) 
Adu l t Counts 
Dates of  �ugenol Inool e (JnEa i teo T·ra2. Tota l 
Co l l ect i on �ale �emale Male F'emal e �al e  F'ema1e Male �ema1e 
Ju l y  2 7  498 130 1 1  3 10 7 5 19 140 
Ju ly 28 10 1 63 2 1 4 0 107 64 
Ju l y  30 50 1 309 5 2 12 7 5 18 318 
Ju l y  3 1  6 72 367 3 4 20 12 695 383 
August 1 30 1 155  2 0 30 15 333 170 
August 2 206 124 0 0 3 1 7 237 13 1 
Tota l 2279 1 148 23 10 107 48 2409 1206 
83 
APPEND IX  4 
Total  Adu l t D .  cri stata Counts from 9 St i cky Traps  Where Attractants 
Were Wrapped-i n Clieese Cl oth i n  a B i g B l uestem Grass  P l ot ( Ju l y  1984 ) 
Adul t  Counts 
Dates of E:ugeno1 Inaole On6a 1 tea Trap Tota l 
Col l ect i on �ale  Female �ale Female �ale Female  �ale Female 
Ju l y  26 128 2 16 45 26 13 5 186 247 
Ju ly  2 7  125 135 84 30 18 16 227  181 
Ju ly  28  9 2  7 1  39 19 16 2 147 92 
Ju l y  30 1 1 1  185 108 36 19 13 238 234 
Ju l y  3 1  62  2 1 1  2 3  4 1  1 3 86 255 
August 1 46 123 13  11  1 1 1  60 145 
August 2 36  45  7 7 2 5 45 57 
Tota l 600 986 3 19  170 70 5 5  989 121 1  
Tota l 
Dates of 






August 10  
August  1 1  
Tota l 
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APPEND I X  5 
Adul t D .  cri s tata Counts from 16 Sti cky Traps Ba i ted wi th 
Di fferent Attractants i n  a B i g B l uestem Grass  P l ot 
nea r  Brooki ngs , S D ,  August  1984 
Aoult l;ounts 








18 4 1  
707 796 
R F 
30 1 1  
















F � F � F 
12 1 9 1 480 370 
140 9 10 352 345 
12  1 1 37 42 
2 5  1 1 6 1  94 
105 3 7 278 3 16 
33 2 2 83 74 
44 4 4 57  94 
480 29 26 1348 1335 
APPENDI X  6 
Frequenc i es o f  the Northern Corn Rootworm Captured on 20 Ba i ted 
Sti cky Traps i n  a Corn Fi e l d near  Aurora i n  August  of 1984 . 
Date of 
Co l l ect i on 
Augus t  2 2  
August 2 3  
August 2 4  
August 2 5  
August 2 6  




320 152  
42 1 308 
458 586 
470 357 
426 655  
6 13 709 
2 708 2767  
Adu l t Counts 
!so-
Methoxt Eugeno l I ndo l e 
� R F � F' 
223 205 5 1  4 52  1 
332 255  30 2 15 3 
341 5 09 46 30 2 2  9 
364 366 12 1 54 104 16 
435 655 153 6 1  83 15 
383 651  1 10 32 76  11  
2078 2641  5 1 1  183 352  55  
Onba1 ted 
Trap Tota l  
� F � t 
6 6  5 7 12  367 
30 4 828 572 
31 9 898 1143 
144 27  1203 820 
92  37  1 189 1423 
184 37 1366 1440 
547 1 19 6 196 5765 
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APPEND I X  7 
Frequenc i es o f  the Western Corn Rootworm Captured  on 20 Ba i ted Sti cky 
Date of 
Co l l ect i on 
August  2 2  
August  2 3  
August  2 4  
August  25  
August 26  
August 27  
Tota l 









225  1 1  






4 1 19 0 
4 - 9 6 2 
6 9 5 3 
2 6 1 2  2 
5 1 1  2 0  4 
12  7 28 2 
33 43 90 13 
Onba 1 ted 
I ndo l e Trae Total 
� F' � t M � 
10  0 18 0 95 5 
9 0 17 0 60 12 
3 0 9 1 39 13  
8 1 14 2 62 1 1  
1 1  3 . 2 1  3 104 23 
12 4 3 1  3 1 5 1  20 
53 8 1 1 0  9 5 1 1  84 
